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In  the  preparation  of  the  present  work,  the  requirements  of  the  public 
analyst  are  mainly  kept  in  view,  as  well  as  of  such  officials  as  naturally 
cooperate  with  him  in  carrying  out  the  provisions  of  the  laws  dealing 
with  the  suppression  of  food  adulteration  in  states  and  municipalities. 
To  this  end  special  prominence  is  given  to  the  nature  and  extent  of  adul- 
teration in  the  various  foods,  to  methods  of  analysis  for  the  detection  of 
adulterants,  and  to  some  extent  also  to  the  machinery  of  inspection. 

While  the  analyst  may  not  in  all  cases  have  directly  to  deal  with  the 
minutuB  of  food  inspection,  his  work  is  so  closely  allied  therewith  that 
this  branch  of  the  subject  is  of  vital  interest  and  importance  to  him. 
Indeed,  in  many  smaller  cities  one  official  often  has  charge  of  the  entire 
work,  combining  the  duties  of  both  inspector  and  analyst. 

Endeavor  has  been  made,  furthermore,  to  deal  with  the  general  com- 
position of  foods,  and  to  give  such  analytical  processes  as  are  likely  to 
be  needed  by  the  sanitary  chemist,  or  by  the  student  who  wishes  to 
determine  the  proximate  components  of  food  materials. 

It  has  been  thought  best  to  include  brief  synopses  of  processes  of 
manufacture  or  preparation  of  certain  foods  and  food  materials,  in  cases 
where  impurities  might  be  suggested  incidental  to  their  preparation. 

In  view  of  the  fact  that  Massachusetts  was  the  pioneer  state  to  adopt, 
over  twenty  years  ago,  a  practical  system  of  food  and  drug  inspection, 
and  for  many  years  was  the  only  state  to  enjoy  such  a  system,  no  apology 
is  perhaps  needed  for  more  frequent  mention  of  Massachusetts  methods 
and  customs  than  those  of  many  other  states,  in  which  the  food  laws 
are  now  being  enforced  with  equal  zeal  and  efficiency. 

Considerable  attention  has  been  paid  in  the  following  pages  to  the 
use  of  the  microscope  in  food  analysis.     Of  the  figures  in  the  text  illus* 
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trating  the  microscopical  structure  of  powdered  tea,  coffee,  cocoa,  and 
the  spices,  fifteen  have  been  reproduced  from  the  admirable  drawings 
of  Dr.  Josef  Moeller,  of  the  University  of  Graz,  Austria.  Acknowledg- 
ment is  gratefully  given  Dr.  Moeller  for  his  kind  consent  to  their  use. 

The  photomicrographs  in  haif-tone,  forming  the  set  of  plates  at  the 
end  of  the  volume,  were  all  made  in  the  author's  laboratory,  and  may 
be  divided  into  three  classes:  ist,  illustrations  of  powdered  pure  foods 
and  food  products,  as  well  as  of  powdered  adulterants;  2d,  types  of 
adulterated  foods,  chosen  from  samples  collected  from  time  to  time  in 
the  routine  course  of  inspection;  and  3d,  photographs  of  permanently 
mounted  sections  of  foods  and  adulterants. 

While  recent  works  covering  the  whole  field  of  general  food  analysis 
are  comparatively  few,  the  number  of  treatises,  monographs,  government 
bulletins,  and  articles  scattered  through  the  Journals,  dealing  with  special 
subjects  relative  to  food  and  its  inspection,  is  surprisingly  large,  and  from 
a  painstaking  review  of  these  much  information  has  been  cuUed,  for  which 
it  has  been  the  author's  intention  at  all  times  to  give  credit. 

Special  mention  should  here  be  made  of  the  valuable  publications  of 
the  U.  S.  Department  of  Agriculture,  both  the  bulletins  issued  from 
Washington,  and  those  from  the  various  experiment  stations,  an  ever- 
increasing  number  of  which  are  becoming  engaged  in  human  food 
work.  The  author  has  freely  drawn  from  these  sources,  and  especially 
from  the  data  and  material  furnished  by  his  coworkers  in  the  recent 
and  still  pending  labor  of  preparing  food  methods  for  the  Association  of 
Official  Agricultural  Chemists,  and  he  wbhes  to  extend  his  thanks  to 
all  of  them  for  their  assistance.  Appreciation  is  abo  expressed  for  the 
care  and  discrimination  shown  by  Mr.  L.  L.  Poates  in  the  preparation  of 
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CHAPTER  I. 
FOOD  ANALYSIS   AND    STATE   CONTROL. 

INTRODUCTORY. 

The  general  subject  of  food  analysis,  in  so  far  as  the  public  health  is 
concerned,  is  to  be  considered  from  two  somewhat  diflFerent  standpoints: 
first,  from  the  outlook  of  the  government,  state,  or  municipal  analyst,  whose 
mission  it  is  to  ascertain  whether  or  not  the  food  may  properly  be  con- 
sidered pure  or  free  from  adulteration;  and  second,  from  the  point  of  view 
of  the  food  economist,  whose  aim  is  to  determine  its  actual  composition 
and  nutritive  value.  The  one  protects  against  fraud  and  injury,  the 
other  furnishes  data  for  the  arrangement  of  dietaries  and  for  an  intelligent 
conception  of  the  r61e  which  the  various  nutrients  play  in  the  metabolism 
of  matter  and  energy  in  the  body.  The  two  fields  are  as  a  rule  distinct  each 
from  the  other,  often  involving,  in  the  examination  of  the  food,  different 
methods  of  procedure. 

State  Control  of  Food. — In  view  of  the  importance  of  the  consideration 
of  food  with  reference  to  its  purity,  an  ever-increasing  number  of  states 
are  realizing  the  necessity  of  protecting  their  citizens  from  the  unscrupu- 
lous manufacturers  who  in  various  lines  are  seeking  to  produce  cheaper 
or  inferior  articles  of  food  in  close  imitation  of  pure  goods.  Many  of 
the  states  have  laws  in  accordance  with  which  the  sale  of  such  impure 
or  adulterated  foods  is  made  a  criminal  offense,  and  some,  but  not  all 
of  these,  are  provided  with  public  analysts  and  other  officers  to  enforce 
these  laws  and  punish  the  offenders.  Numerous  communities  are  awake 
to  the  importance  of  municipal  control  of  such  commonly  used  articles 
of  food  as  milk,  butter,  and  vinegar,  and  in  many  cases  have  machihery 
of  their  own  for  regulating  the  sale  of  these  foods. 
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Food  Analysis  from  the  Dietetic  Standpoint. — The  study  of  the  prin- 
ciples of  dietetics  has  been  given  increased  attention  during  the  last  decade 
in  the  curricula  of  many  of  the  technical  schoob  and  colleges.  Much 
has  been  accomplished  by  certain  of  the  state  experiment  stations  working 
as  a  rule  in  connection  with  the  United  States  Department  of  Agriculture 
along  this  line.  Investigations  of  this  character  are  especially  valuable, 
and  are  indeed  rendered  necessary  by  the  general  tendency  of  the  modem* 
physician  to  regard  the  hygienic  treatment  of  disease,  especially  with 
reference  to  the  matter  of  diet,  as  often  of  far  greater  importance  than 
the  mere  administering  of  drugs. 

The  food  economist  studies  the  ^'arying  conditions  of  age,  sex,  occupa- 
tion, environment,  and  health  among  his  fellow  men,  with  a  view  to  show- 
ing what  foods  are  best  adapted  to  supply  the  special  requirements  of 
various  classes.  The  quantity  and  proportion  of  protein,  fat  and  carbo- 
hydrates, or  of  fuel  value  best  suited  for  the  daily  consumption  of  a  given 
class  or  individual  having  been  determined,  dietaries  are  made  up  from 
various  food  materials  to  supply  the  need  with  reference  as  far  as  possible 
to  the  taste  and  means  of  ihc  consumer. 

Experiments  are  made  on  families,  clubs,  or  individuals,  representing 
various  typical  conditions  of  life,  and  extending  over  a  given  period,  dur- 
■  ing  which  records  are  kept  of  the  available  food  materials  on  hand  and 
received  during  the  term  of  the  experiment,  as  well  as  of  those  remaining 
at  the  end.  In  the  case  of  individuals,  additional  records  may  be  kept 
of  the  amount  and  composition  of  ihc  urine  and  feces.  From  such  data 
the  physiological  chemist  calculates  the  amount  of  nutrients  utilized, 
and  studies  the  mctabohsm  of  material  in  the  human  body. 

Up  to  this  point  no  ver\'  extensive  apparatus  is  required,  but  if  in 
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chemical  or  physical  processes  involved  in  making  the  analyses  by  which 
the  proximate  components  of  the  foods  are  determined.  For  more  com- 
plete information  in  the  field  of  dietary  studies  and  the  metabolism  of 
matter  and  energy  in  the  body,  the  student  is  referred  especially  to  the 
investigations  of  Atwater  and  his  coworkers,  as  published  in  the  annual 
reports  of  the  Storrs  Experiment  Station  at  Middletown,  and  in  the  bulle- 
tins of  the  U.  S.  Department  of  Agriculture,  Office  of  Experiment  Stations, 
a  list  of  which  is  given  at  the  end  of  Chapter  III. 

SYSTEMATIC  FOOD   INSPECTION. 

The  Functions  of  the  State  Analyst. — The  public  analyst  is  employed 
by  city,  state,  or  government  to  pass  judgment  on  various  articles  of  food 
taken  from  the  open  market  by  purchase  or  seizure,  either  by  himself 
or  by  duly  authorized  collectors  employed  for  the  purpose.  The  sole 
object  of  his  examination  is  to  ascertain  whether  or  not  such  articles  of 
food  conform  to  certain  standards  of  purity  fixed  in  some  cases  by  special 
law,  and  in  others  by  common  usage  or  acceptance.  Such  a  public  analyst 
need  not  concern  himself  with  the  dietetic  value  of  the  food  or  whether 
it  is  of  high  or  low  grade.  It  is  for  him  to  determine  simply  whether  it 
is  genuine  or  adulterated  within  the  meaning  of  the  law,  and,  if  adulterated, 
how  and  to  what  extent.  Aside  from  his  skill  as  a  chemist,  it  is  often 
necessary  for  him  to  possess  other  no  less  important  qualifications,  chief 
among  which  are  his  ability  to  testify  clearly  and  concisely  in  the  courts, 
and  to  meet  at  any  time  the  most  rigid  kind  of  cross-examination,  it  being 
of  the  utmost  importance  that  he  understand  thoroughly  the  nature  of 
evidence. 

U.  S.  Standards  of  Purity  for  Food  Products.* — Under  an  act  of 
Congress  approved  June  3,  1903,  standards  of  purity  for  certain  articles 
of  food  including  meat  and  meat  products,  milk  and  its  products,  sugars 
and  related  substances,  spices,  and  cocoa  and  cocoa  products  were  later 
(Nov.  20,  1903)  established  as  ofTicial  standards  for  the  United  States 
by  the  Secretary  of  Agriculture.  Schedules  are  yet  to  be  adopted  and 
are  in  process  of  preparation  in  the  following  classes:  grains,  fruits  and 
vegetables,  honey,  fruit  extracts,  salad  oils,  salt,  tea,  coffee,  fruit  juices, 
alcoholic  and  carbonated  beverages,  vinegar,  presen-atives,  and  coloring 
matters. 

Nature  of  the  Analytical  Methods  Employed. — Usually  but  a  small 
percentage  of  the  samples  submitted  for  examination  are  actually  adultcr- 

*  U.  S.  Dcpt.  of  Agric,  Off.  of  Sec,  Circ.  10. 
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ated.  The  analyst  should,  therefore,  adopt  for  economy  in  time  the 
quickest  possible  reliable  processes  for  separating  the  pure  from  the 
impure,  so  that  most  of  his  attention  may  be  devoted  to  the  latter. 
The  nature  of  the  processes  by  which  this  is  done  varies  with  the  foods. 
Experience  soon  enables  one  to  judge  much  by  even  the  characteristics  of 
taste,  appearance,  and  odor,  though  such  superficial  indications  should  be 
used  with  discretion.  One  or  two  simple  chemical  or  physical  tests  may 
often  suffice  to  establish  beyond  a  doubt  the  purity  of  the  sample,  after 
which  no  further  attention  need  be  paid  to  It. 

A  sample  failing  to  conform  to  the  tests  of  a  genuine  food  must  be 
carefully  examined  in  detail  for  impurities  or  adulterants.  While  in 
most  cases  usage  or  experience  su^ests  the  forms  of  adulteration  peculiar 
to  various  foods,  the  analyst  should  be  on  the  alert  to  meet  new  conditions 
constantly  arisii^.  His  methods  are  largely  qualitative,  since  technically 
he  need  only  show  in  most  cases  the  mere  presence  of  a  forbidden 
ingredient,  though  for  the  analyst's  own  satisfaction  he  had  best  deter- 
mine the  amount,  at  least  approximately. 

In  reporting  approximate  quantitative  results  in  court,  especially 
when  they  are  calculated  from  assumed  or  variable  factors,  or  when  they 
are  the  result  of  judgment  based  on  the  appearance  of  the  food  under 
the  microscope,  the  analyst  should  always  be  conservative  in  hb  figures 
by  expressing  the  lowest  or  minimum  amount  of  the  adulterant,  so  as 
to  give  the  defendant  the  benefit  of  any  doubt.  When  exact  standards 
are  fixed  by  law,  as  in  the  case  of  total  solids  or  fat  in  milk,  for  example, 
there  is  of  course  great  necessity  for  preciscness  in  quantitative  work. 

A  full  analysis  of  an  adulterated  food  beyond  establishing  the  nature 
and  amount  of   the  adulteration   is  entirely  unnecessary,  and  in  most 
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authorities  before  expressing  his  opinion;  and  finally,  after  being  fully- 
convinced  that  a  sample  is  adulterated,  and  having  so  alleged,  let  him 
adhere  to  his  statements  and  not  waver  in  spite  of  the  most  rigid  cross- 
examination  to  which  he  may  be  subjected. 

While  each  state  or  municipality  has  its  own  peculiar  code  of  regula- 
tions and  restrictions  concerning  the  duties  of  the  analyst  and  other  ofl&cials,. 
these  rules  are  in  the  main  very  similar.  For  instance,  it  is  usually  neces- 
sary, excepting  in  the  case  of  such  a  perishable  food  as  milk,  for  the  analyst 
to  reserve  a  portion  of  a  sample  before  beginning  the  analysis,  which 
sample,  in  the  event  of  proving  to  be  adulterated,  shall  be  sealed,  so  that 
in  case  a  complaint  is  made  against  the  vendor,  the  sealed  sample  may^ 
on  application,  be  delivered  to  the  defendant  or  his  attorney. 

Adulteration  of  Food* — Except  in  special  cases  a  food  in  general  is 
deemed  to  be  adulterated  if  anything  has  been  mixed  with  it  to  reduce 
or  lower  its  quality  or  strength;  or  if  anything  inferior  or  cheaper  has 
been  substituted  wholly  or  in  part  therefor;  or  if  any  valuable  constituent 
has  been  abstracted  wholly  or  in  part  from  it;  or  if  it  consists  wholly  or 
in  part  of  a  diseased,  decomposed,  or  putrid  animal  or  vegetable  sub- 
stance; or  if  by  coloring,  coating,  or  otherwise  it  is  made  to  appear  of 
greater  value  than  it  really  is;  or  if  it  contains  any  added  poisonous 
ingredient.  These  provisions  briefly  expressed  are  typical  of  the  general 
food  laws  found  in  the  statute  books  of  many  of  the  states,  though  the 
verbiage  may  differ.  Laws  covering  compound  foods  and  special  foods 
varj'  widely  with  the  locality.  As  to  the  character  of  adulteration,  nine 
out  of  ten  adulterated  foods  are  so  classed  by  reason  of  the  addition  of 
cheaper  though  harmless  ingredients  added  for  commercial  profit,  rather 
than  by  the  addition  of  actually  poisonous  or  injurious  substances,  though 
occasional  instances  of  the  latter  are  found. 

Authentic  instances  of  actual  danger  to  health  from  the  presence  of 
injurious  ingredients  are  extremely  rare,  so  that  the  question  of  food 
adulteration  should  logically  be  met  largely  on  the  ground  of  its  fraudu- 
lent character-  Indeed  the  commoner  forms  of  adulteration  are  restricted 
to  a  comparatively  small  number  of  food  products,  the  most  staple  articles 
of  our  food  supply,  such  as  flour  and  the  cereals,  eggs,  fresh  meat,  fresh 
vegetables  and  fruit  being  rarely  subject  to  adulteration. 

A  Typical  System  of  Food  Inspection. — The  efficiency  of  a  system 
of  public  food  inspection  is  greatly  enhanced  if  the  business  part  of  the 
work,  including  the  bookkeeping  and  attending  to  the  outside  public, 
be  done  wholly  through  some  person  other  than  the  analyst,  as,  for  example, 
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a  health  officer,  to  whom  the  collectors  of  samples  and  the  analyst  may 
report  independently  as  to  the  results  of  their  work,  and  whose  duty  it 
is  to  determine  what  shall  be  done  in  cases  of  adulteration.    In  this  way 


Fic.  a. — Inspectors'  Lockers.  Front  View.  The  lockcra  are  accessible  lo  the  analyst  in  the 
laboratory  by  a  single  stiding-sash  front,  provided  wiih  a  spring  lock.  The  removable 
lUding-rarlis  are  convenient  for  returning  clean  sample  bottles. 

the  analyst  knows  nothing  of  the  data  of  collection  nor  the  name  of  the 
{>erson  from  whom  the  sample  wa.s  purchased,  so  that  he  can  truthfully 
state  in  court  that  his  analysis  was  unbiased. 
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Suppose,  for  example,  that  three  collectors  are  employed  to  purchase 
samples  of  food  for  analysis,  their  duties  being  to  visit  at  irregular  intervals 
different  portions  of  a  state  or  municipality.  E^ch  collector  keeps  a 
book  in  which  he  enters  all  data  as  to  the  collection  of  the  sample,  includ- 
ing the  name  of  the  vendor,  assigning  a  number  to  each  sample,  which 
number  is  the  only  distinguishing  mark  for  the  analyst.  One  collector 
may  use  for  this  purpose  the  odd  numbers  in  succession  from  i  to  9999, 
the  second  the  even  numbers  from  2  to  10,000,  while  the  third  may  use 
the  numbers  from  10,000  up.  Each  of  the  two  former  would  begin  with  a 
lettered  series,  as,  for  instance.  A,  numbering  his  samples  lA,  3A,  5A,  7A, 
etc.,  or  2A,  4A,  6A,  etc.,  till  he  reached  10,000,  then  begiiming  on  series 
B  and  so  on.  If  the  analyst  is  to  be  kept  in  ignorance  of  the  brand  or 
manufacturer  in  the  case  of  package  goods,  the  collector  must  remove 
from  the  original  package  sufficient  of  the  sample  for  the  needs  of  the 
analyst,  and  deliver  it  to  the  latter  in  a  plain  package,  bearing  simply  the 
name  under  which  the  article  was  sold  and  the  number.  Such  precau- 
tions are,  however,  not  always  practicable  and  depend  largely  on  local 
regulations.  The  analyst  reports  the  result  of  the  analysis  of  each  sample 
with  the  number  thereof  on  a  library  card,  with  appropriate  blanks  both 
for  data  of  analysis  and  for  data  of  collection,  the  latter  to  be  filled  by 
the  collector  from  his  book  after  the  analyst  has  handed  in  the  card  with 
the  data  of  analysis.  This  system  of  recording  and  reporting  analyses 
has  been  successfully  used  for  years  by  the  Department  of  Food  and 
Drug  Inspection  of  the  Massachusetts  State  Board  of  Health. 

Legal  Precautions. — The  laboratory  of  the  public  analyst  should 
preferably  be  provided  with  a  locker  for  each  collector,  to  which  access 
may  be  had  only  by  that  collector  and  the  analyst,  so  that  in  the  absence 
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Practical  Enforcement  of  the  Food  Law. — ^In  the  case  of  foods  actually 
found  adulterated,  there  are  three  practical  methods  of  suppressmg  their 
further  sale,  viz.,  by  pubUcation,  by  notification,  and  by  prosecution.  These 
may  be  separately  employed  or  used  in  connection  with  each  other,  accord- 
ing to  the  powers  conferred  by  law  on  the  commission,  board,  or  official 
having  in  charge  the  enforcement  of  the  law,  and  according  to  the  dis- 
cretion of  such  official. 

Publication. — Under  the  laws  of  some  states,  the  only  means  of  pro- 
tecting the  people  lies  in  pubhshing  lists  of  adulterated  foods  with  their 
brands  and  manufacturers'  names  and  addresses  in  periodical  bulletins 
or  reports.  Sometimes  it  is  considered  best  to  publish  for  the  informa- 
tion of  the  public  lists  of  imadulterated  brands  as  well,  and,  again,  it  is 
held  that  only  the  offenders  should  thus  be  advertised. 

Such  publication,  by  keeping  the  trade  informed  of  the  blacklisted 
brands  and  manufacturers,  certainly  has  a  decidedly  beneficial  effect 
in  reducing  adulteration,  and  involves  less  trouble  and  expense  than 
any  other  method.  It  is  obviously  an  advantage,  however,  in  addition 
to  this  to  be  able  in  certain  extreme  cases  to  use  more  stringent  methods 
when  necessary. 

Notification  and  Prosecution. — The  adulteration  of  food  is  best  held 
in  check  in  localities  where  under  the  law  cases  may  be  brought  in  court 
and  are  occasionally  so  brought.  The  mere  power  to  prosecute  is  in 
itself  a  safeguard,  even  though  that  power  is  not  frequently  exercised. 
Under  a  conservative  enforcement  of  the  law,  actual  prosecution  should 
be  made  as  a  last  resort.  Neither  the  number  of  court  cases  brought 
by  a  food  commission  nor  the  large  ratio  of  court  cases  to  samples  found 
adulterated  are  criteria  of  its  good  work.  Except  in  extreme  cases, 
it  is  frequently  found  far  more  effective  to  notify  a  violator  of  the  law, 
especially  if  it  is  a  first  offense,  giving  warning  that  subsequent  infraction 
will  be  followed  by  prosecution.  Such  a  notification  frequently  ser\^es 
to  stop  all  further  trouble  at  once  and  with  the  minimum  of  expense. 
Instances  are  frequent  in  Massachusetts  where,  by  such  simple  notifica- 
tion, widely  distributed  brands  of  adulterated  foods  have  been  immediately 
withdrawn  from  sale. 

Massachusetts  was  the  first  of  all  the  states  to  enact  pure-food  legisla- 
tion, and  for  twenty  years  has  enjoyed  a  well-established  system  of  food 
inspection,  prosecuting  cases  under  its  laws  through  the  Food  and  Drug 
Department  of  the  State  Board  of  Heakh.  Cases  are  brought  in  court 
with  practically  no  expense  for  legal  services.    Complaints  are  entered  by 
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the  collector,  or,  as  he  is  termed,  inspector,  who  makes  complaint  not  in 
his  official  capacity,  but  as  a  dlizen  who  under  the  law  has  been  sold  a 
food  found  to  be  adulterated,  and  who  is  entitled  to  conduct  his  own 
case,  which  he  does  with  the  aid  of  the  analyst  and  such  other  witnesses 
as  he  may  see  fit  to  employ.  Experience  is  readily  acquired  by  the  inspector 
in  conducting  such  cases  in  the  lower  police  or  municipal  courts,  where 
they  are  first  tried,  and  years  ago  the  services  of  legal  counsel  in  Massa- 
chusetts were  dispensed  with  as  superfluous-* 

Statistics  in  the  annual  reports  of  the  Massachusetts  Board  show  with 
what  uniform  success  these  trials  have  been  conducted.  While  more 
often  settled  in  the  lower  courts,  occasional  appeal  cases  are  carried  to 
the  superior  courts,  where  the  services  of  the  regular  district  attorney  are 
of  course  availed  of  in  prosecuting  the  case. 
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CHAPTER  n. 

THE  LABORATORY  AND  ITS  EQUIPMENT. 

Location. — The  selection  of  a  location  for  a  food  laboratory  cannot 
always  be  made  solely  with  reference  to  its  needs  and  its  convenience, 
but  it  is  more  often  subject  to  economic  conditions  beyond  the.  analyst's 
control.  Under  very  best  conditions,  such  a  laborator)'  should  be  situated 
in  a  building  designed  from  the  start  exclusively  for  chemical  or  biolt^cal 
and  chemical  work.  Almost  any  well-lighted  rooms  in  such  a  building 
can  be  readily  adapted  for  the  purpose.  When,  however,  as  is  frequently 
the  case,  rooms  for  such  a  laboratory  arc  pro\'ided  in  municipal,  govern- 
ment, or  office  buildings,  in  which  for  the  most  part  clerical  work  is  done, 
the  problem  of  adequately  utilizing  such  rooms  so  that  they  may  not 
at  the  same  time  prove  offensive  to  or  interfere  with  the  comfort  of  other 
occupants  of  the  building  is  sometimes  difficult.  It  is  obvious  that  base- 
ment rooms  in  such  a  building,  as  far  as  ventilation  is  concerned,  arc  less 
readily  adapted  for  the  requirements  in  hand  than  are  those  of  the  top 
floor,  though,  if  the  light  is  good  and  there  are  abundant  and  well-arranged 
ventilating-shafts,  such  rooms  may  be  made  to  ser\'e  ever)'  purpose.  In 
the  basi'ment  one  may  most  easily  obtain  water,  gas,  and  steam,  and 
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modified  by  the  means  at  his  disposal,  a  few  general  suggestions  regarding 
important  essentials  may  prove  helpfuk  These  imply  a  fairly  liberal 
though  not  extravagant  outlay,  with  a  view  to  saving  both  time  and  energy 
by  convenient  surroundings  well  adapted  to  the  work  in  hand.  At  the 
same  time  equally  satisfactory  work  is  possible  under  simpler  conditions 
than  those  described. 

Floor. — The  best  material  for  the  floor  of  the  working  laboratory 
is  asphalt.  Such  a  floor  is  firm  but  elastic,  is  readily  washed  by  direct 
application  of  running  water,  if  necessary,  and  resists  well  the  action  of 
ordinary  reagents.  An  occasional  thin  coating  of  shellac  with  lampblack 
applied  with  a  brush  gives  the  asphalt  floor  a  smooth,  hard  surface  and 
may  be  applied  locally  to  cover  spots  and  blemishes. 

Lighting, — The  lighting  of  the  rooms,  if  on  the  top  floor,  is  best  effected 
by  both  wall  windows  and  skylights.  North  windows  furnish  the  best 
light  for  the  microscope;  the  skylight,  when  available,  is  the  ideal  light 
for  the  balance  and  for  general  laboratory  work. 

Ventilation  by  forced  draft  is  a  great  convenience.  For  this  purpose 
an  exhaust-fan  driven  by  an  electric  motor  and  controlled  in  speed  by 
a  fractional  rheostat  is  admirable.  Such  a  fan  had  best  be  located  in  a 
small  closed  compartment  or  closet  near  the  centre  of  the  series  of  rooms 
designed  to  be  ventilated  by  it,  and  this  closet  should  have  directly  over  the 
fan  an  outlet -shaft  passing  through  the  roof  of  the  building.  With  such 
a  system,  a  series  of  branching  air-ducts  should  radiate  from  the  fan  closet, 
conveniently  arranged  either  above  or  along  the  ceiling  and  communicat- 
ing with  the  various  hoods,  closets,  and  rooms  near  the  top. 

Benches. — ^The  working  benches  should  have  wooden  or  glazed  tile 
tops.  White  glazed  tile,  if  properly  laid,  furnish  a  very  clean,  sanitary, 
and  resistant  surface,  besides  being  often  convenient  for  color  tests.  If 
laid  on  a  plank  surface,  the  tiles  should  not  be  imbedded  in  cement,  which 
swells  the  wood  before  drying  out  and  results  in  a  loose  and  often  uneven 
surface.  ^For  best  results  the  tiles  should  be  first  soaked  in  oil  and  then 
carefully  laid  in  putty. 

When  wooden  bench  tops  are  used  they  may  be  treated  to  advantage 
by  staining  with  the  following  solutions: 

Solution  /. 

100  grams  of  aniline  hydrochloride. 
40      "       "    ammonium  chloride. 
650      **       "    water. 
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Solution  2. 
loo  grams  of  copper  sulphate. 
50     "       "  potassium  chlorate. 
615      "       "    water. 

The  solution  should  be  applied  to  the  bare  wood.  Soft  wood  gives  a 
better  finish  than  hard  wood.  Apply  solution  1  thoroughly  and  allow  it 
to  dry;  then  apply  2  and  dry.  Repeat  these  applications  several  times. 
Wash  with  plenty  of  hot  soap  solution,  let  dry  and  rub  well  with  vaseline. 

It  is  claimed  that  wood  so  treated  is  rendered  fire-proof  and  is  not 
acted  on  by  acids  and  alkalies.  When  the  finish  begins  to  wear,  an  appli- 
cation of  hot  soap  solution  or  vaseline  will  bring  it  back  to  a  deep  black 
color. 

The  benches  should  naturally  be  located  with  reference  to  best  light 
from  skylights  or  windows.  Gas  and  water  outlets,  sinks  and  waste- 
pipes  should  be  conveniently  arranged  with  reference  to  the  working 
benches,  as  well  as  suitable  provisions  for  air-blast  and  exhaust,  while 
in  the  space  beneath  the  benches  such  drawers,  cupboards,  and  receptacles 
as  are  required  ^ould  be  provided.  If  the  benches  are  excessively  wide, 
there  is  constant  temptation  to  allow  countless  pieces  of  apparatus  and 
reagent  bottles  not  needed  for  immediate  use  to  accumulate  along  the 
back  spaces  to  the  detriment  of  order  and  cleanliness.  A  clear  bench 
width  of  24  inches  is  ample  for  most  work.  At  the  back  of  the  bench 
and  within  easy  reach  a  raised  narrow  shelf  should  be  provided  to  be  used 
exclusively  for  common  desk  reagents.  This  again  should  not  be  so 
wide  as  to  allow  the  accumulation  of  useless  bottles.  A  narrow  raised 
guard  or  beading  at  the  edge  of  the  reagent  shelf  prevents  the  bottles 
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Sinks  and  Drains. — The  sinks  should  preferably  be  of  iron  or  porce- 
lain.    If  iron,  they  should  at  frequent  intervals  be  treated  with  a  coat  of 


FlO.  3. — Hooded  Top  of  Galvanized  Iron  over  Working-bench,  Connected  with 
\'entila(ing  Air-ducts. 

asphalt  varnish.     A  great  con\cnicnce  is  a  hooded  sink  (Fig.  4)  in  which 
foul-smelling  bottles,  or  vcsseb;  giving   off  noxious   or  offensive  fumes 
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or  gases,  m&y  be  rinsed  under  the  tap  while  completely  closed  in.  Open- 
work rubber  mats  at  the  bottom  of  the  sinks  help  to  insure  against  break- 
age. Open  plumbing  of  simplest  design  should  be  used,  and  a  multi- 
plicity of  traps  should  be  avoided.    Sinks  may  be  variously  located  for 


THE  LABORATORY  AND  ITS  EQUIPMENT. 


»7 


flush  with  the  top  of  the  floor.  Waste-pipes  from  sinks,  still-condensers, 
refrigerators,  and  various  forms  of  apparatus  involving  flowing  water  may 
be  led  into  this  drain,  holes  being  drilled  in  the  iron  cover  for  their  insertion. 
SUam  and  Electricity. — ^These  are  useful  but  not  indispensable.  Steam, 
when  available,  may  be  used  to  advantage  for  boiling  ether  or  benzine 
in  connection  with  continuous  fat-extraction  apparatus,  for  furnishing 
the  motive  power  for  driving  the  Babcock  centrifuge,  for  heating  water- 
baths  and  hot  closets,  and,  in  connection  with  cold  water,  to  furnish  a 


Fig.  5. — ^Section  of  Op)en  Drain-pipe  in  Floor. 

supply  of  hot  water  when  wanted  at  the  sink.  The  latter  application 
is  illustrated  in  Fig.  4. 

If  electricity  is  used  for  lighting,  it  may  also  be  applied  in  a  variety 
of  useful  ways  in  the  laboratory,  as,  for  instance,  for  heating  coils  or  electric 
stoves,  for  electrolysis,  and  for  running  small  motors,  which  in  turn  may 
be  employed  for  driving  centrifuges,  shaking  apparatus,  ventilating-fans, 
air-pumps,  etc. 

Suction  and  Blast. — ^If  the  water-pressure  is  ample,  both  aii>pressure 
and  exhaust  for  blast-lamps,  vacuum  filtration,  and  other  purposes  are 
readily  available  through  the  agency  of  the  various  devices  used  in  con- 
nection with  the  flow  of  water,  as,  for  instance,  the  Richards  pump.  When, 
however,  the  water  pressure  is  insuflicient,  other  means  must  be  employed 
for  furnishing  these  much-needed  requisites.  Fig.  6  illustrates  a  simple 
and  almost  noiseless  pressure  and  exhaust  pump  run  by  a  i-H.P.  electric 
motor,  which  with  the  pressure-equalizing  tank  and  the  appropriate 
connections  are  mounted  on  a  light  wheel  truck,  and  readily  movable 
to  any  part  of  the  laboratory.     By  simply  screwing  the  plug  into  an 
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dectric-ligbt  outlet,  either  suctk>D  or  blast  may  be  had  at  wQl,  depending 
on  the  position  of  a  knife-edge  switch  which  determines  the  direction  of 
the  current.  By  means  of  a  fractional  rheostat  the  speed  may  be  varied 
and  the  pressure  thus  controlled. 


Fic.  6. — ForUble  PrMSure-  and  Exhaust -piunp  Run  by  Electric  Motor.     Useful  for  blut- 

Umps,  vacuum  filtration,  etc 


APPARATUS. 


The  laboratory  is  of  course  to  be  supplied  with  the  usual  assortment 
of  test-tubes,  flasks,  beakers,  evaporating  and  other  dishes  of  porcelain, 
platinum   and   glass,    funnek,   casseroles,    crucibles,    mortars,    burettes, 
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able  for  quick  work,  and  as  constructed  by  the  best  modem  makers  leaves 
nothing  to  be  desired. 

The  Water-bath.— Tias  is   such  an  important  accessory  to  the  food 
analyst  that  it  should,  if  possible,  be  specially  designed  to  meet  his  require- 


Tm.  7. — Water-bath,   Enclosed   in  Hood,   with   Sliding-sash   Front 

meots,  though  the  ordinary  copper  baths,  supported  on  legs  and  designed 
to  be  heated  by  gas-burners,  as  kept  in  regular  stock  by  the  dealers,  will 
sometimes  serve  the  purpose.  For  nearly  all  moisture  detenflinations  the 
platinum  dishes  described  on  page  97  and  the  somewhat  lai^er  wine-sheUs 
of  100  cc.  capacity  are  most  used,  and  for  thb  purpose  the  top  of  the 
bath  should  have  plenty  of  openings  of  the  right  size  for  these.  A  veiy 
economical  construction  of  bath  admirably  adapted  for  the  food  analyst's 
use  is  shown  in  plan  in  Fig.  8,  being  the  form  employed  by  the  writer. 
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The  size  and  number  of  openings  are  determined  by  the  number  o£ 
samples  to  be  simultaneously  analyzed.  The  dotted  lines  indicate  a  steam- 
coil  within  the  body  of  the  bath,  which  serves  to  boil  the  water.  Fig.  7 
shows  the  bath  in  place  within  a  hood,  the  sUding  front  of  which  is  fur- 
nished with  a  hasp  and  padlock,  so  that  it  may  always  be  kept  locked  by 
the  analyst  whenever  he  is  temporarily  absent  from  the  laboratory.  This 
b  a  useful  precaution,  when  the  residues  left  thereon  are  from  samples 
which  are  to  form  subjects  for  possible  prosecution  in  court  later. 
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Fkj.  8.— Plan  View  of  Waler-balh  Boiled  by  Steam-coil.     W  and  H"  are  water  mlrt  and 

oullcl,  5  and  S'  sleam  inlet  and  outlet,  respectively. 

Steam,  if  available  at  all  seasons  of  the  year,  furnishes  a  ready  means 
of  heating  the  bath.  Electric  immersion  coils  are  also  convenient.  In  the 
absence  of  both  steam  and  electricity,  the  bath  must  be  boiled  by  gas- 
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water  first  serves  to  cool  the  condenser,  and,  rising,  becomes  vaporized 
in  the  boiler  directly  connected  with  the  condenser  at  the  top.  This 
apparatus  is  capable  of  distilling  six  gallons  of  water  in  twelve  hours. 


Fig.  9. — ^Asbestos-covered  Air-oven,  with  Gas-pressure  Regulator. 

The  list  of  indispensable  requisites  in  addition  to  the  above  should 
include  the  following:  * 

Continuous  Extraction  Apparatus  (p.  57). 

Apparatus  for  Nitrogen  Determination  (p.  62). 

Apparatus  for  Distilling  Various  Food  Products  (pp.  63  and  530). 

A  Babcock  or  other  Milk-fat  Centrifuge  (p.  loi). 

A  Butyro  Rejractometer  (Fig.  91). 

A  Microscope  and  its  Appurtenances  (p.  71). 

A  Polariscope  and  its  Accessories  (Figs.  99,  100,  or  loi). 

Apparatus  for  Specific  Gravity  Determination  (pp.  50  to  54). 

Apparatus  for  the  Determination  of  Carbon  Dioxide  (Fig.  65). 

Apparatus  for  the  Determitiation  of  Melting-points  (Fig.  86). 

Marsh  Arsenic  Apparatus  (p.  66). 

Electrolytic  Apparatus   (Figs.  108  and  109). 

Separatory  Funnels  (p.  60). 

Following  is  a  list  of  apparatus  and  appliances  which,  while  not  indis- 
pensable, are  convenient  and  at  times  desirable: 
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A  Spectroscope,  either  of  the  direct-vision  variety  for  the  pocket,  or 
the  Kirschoff  &  Bunsen  style  on  a  stand. 

Spectroscope  Cells,  parallel-sided,  for  observation  of  absorption  spectra. 
A  Photomicrograpkic  Camera  and  Appurtenances*  (pp,  84  to  86). 
A  Muffle  Furnace, 
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A  Universal  Cen^}uge. — ^This  convenient  apparatus  merits  a  separate 
brief  description,  being  useful  for  a  wide  variety  of  purposes,  such  as 
breaking  up  ether-  and  other  emubions,  quickly  settling  out  precipitates, 
and  roughly  estimating  chlorides^  sulphates,  phosphates,  etc,  by  the 
volume  of  the  precipitate  in  graduated  tubes.  Various-sized  aluminum 
frames,  carrying  hinged  shields,  are  interchangeably  adjustable  to  the 


■The  Universal  Centrifuge.     Driven  by  an  electric  motor. 


Spindle  of  a  vertical  electric  motor.*  The  smallest  frame  has  shields 
adapted  to  hold  two  graduated  glass  tubes  of  15  cc.  capacity  (see  Fig.  11). 
This  is  for  the  quantitative  estimation  of  small  precipitates  and  the  quick 
settling  of  sediments.  A  medium-sized  and  large  frame  cany  tubes  of 
80  cc.  and  120  cc.  capacity  respectively.  A  frame  is  also  provided 
with  shields  adapted  for  various-sized  beakers  to  be  used  in  settlir^  pre- 
cipitates. The  milk-fat  centrifuge  frame  shown  in  Fig.  36  is  also 
adapted  to  be  used  on  the  spindle  of  the  same  motor. 

*  In  the  Absence  of  electrici^  a  water^notor  nu^  be  uted. 
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THE  LABORATORY  AND  ITS  EQUIPMENT. 


The  foregoing  list  includes  the  general  reagents  used  in  carrying 
out  the  processes  treated  of  in  this  volume,  together  with  their  strength, 
mode  of  preparation  when  necessary,  and  other  data. 
Reagents,  especially  those  constantly  employed,  should 
be  assigned  to  regular  places  on  the  shelves,  and 
should  invariably  be  kept  in  place  when  not  in  use. 

Among  the  standard  solutions  for  volumetric  work, 
none  is  more  frequently  of  service  in  the  food  labora- 
tory than  a  tenth-normal  solution  of  sodium  hydrox- 
ide, and  a  large  supply  of  this  reagent,  carefully 
standardized,  should  be  at  all  times  conveniently  at 
hand.  Besides  being  useful  for  standardizing  tenth- 
normal solutions,  it  is  constantly  needed  for  deter- 
mining various  acids  in  food  products,  such  as  milk, 
vinegar,  butter,  lime  juice,  cream  of  tartar,  hquors, 
and  many  others.  Time  is  well  spent  in  carefully  ad- 
justing this  solution  to  its  exact  tenth-normal  value, 
thus  simplifying  the  calculation  of  results.  A  large 
stock  bottle  (say  of  two  gallons  capacity)  containing 
the  standard  tenth-normal  sodium  hydroxide,  is  con- 
veniently mounted  with  a  side-tube  burette  in  con- 
nection, in  some  such  manner  as  shown  in  Fig.  12.  A 
small  connecting  side  bottle  contains  a  strong  solution 
of  sodium  hydroxide  (reagent  No.  240)  through  which 
the  air  that  enters  the  large  bottle  is  passed,  thus  depriving  it  of  CO,. 
In  this  manner  the  standard  solution  may  readily  be  kept  of  unvarj'ing 
strength  for  a  year  or  more. 


1 


=1G.  13.— Stock  Bot- 
tic  of  Tenth -normal 
Alkali. 
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EQUIVALENTS  OF  STANDARD  SOLUTIONS. 

No.  31.   Decinormal  Sulphuric  Acid.    One  cc.  is  equivalent  to 

Ammonia  gas NH, 

Ammonia NH.OH .. 

Ammonium  carbonate {NH.l,CO, 

(NH,1,C0,H,0 

Calcium  carbonate CaCO, 

Calcium  hydroxide Ca(OHV 

oiidc CaO 

Lead  acetate Pb{i:,H,0,),3H,0 

Magnesia. MgO 

Magnesium  carbonate MgCO, 

Nitrogen N 

PoUssiuraaceUle* KC^,0, 

"         bicarbonate KHCO, 

bitartrate* KHC.H.O, 

"         carbonate KjCOp 

citrate* .'  K,C,H,OpH,0 

hydroxide KOH 

and  sodium  tartrate  .  KNaC.H,0„4Hj0 

n  acetate NaC,H,0^3H,0 

benioaie* NaC,H,Op 

bicarbonate. NaHCO, 

borate Na,B,0„ioH,0 

carbonate Na,CO,. 

"       Na,C0,roH,0 

hydroxide NaOH 

saUcykte* NaC,H,0,. 

Moa  341,    Decinormal  Socitni  Hvdkoxide  Solution.     One  cc.  is  equivalent 

Add,  acetic H.C^.O^ 

"      boric HjBOp 

"     citric H,C,H,0„H,0 

"      hydrobromic HBBr 

"      hydrochloric HCI 

"      hydriodic HI . . 

"      lactic HC,H.O, 


0017  gram, 

.0035 

■«0S7 
0050 
■0037 
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Nob  142.  Decinormal  Iodine  Solxttion.    One  cc.  is  equivalent  to 

Arsenious  oxide As^O, 0.00495  gram. 

Potassium  sulphite K^Oj,2H20 0.0097  ** 

Sodium  bisulphite NaHSOa 0.0052  " 

"       sulphite, NajSO^yHjO 0.0126  " 

"       thiosulphate NajSjOj,5HjO 0.0248  " 

Sulphur  dioxide SO, 0.0032  '* 

Sulphurous  acid Hj^Oj 0.0041  '« 

Nou  245.   Decinormal  Sodium  Thiosulphate  Solution.    One  cc.  is  equivalent  to 

Bromine Br 0.0080  gram. 

Chlorine CI 0.00355  ** 

Iodine 1 0.01266  " 

Iron  (in  ferric  salts) Fe 0.0056  *' 

No,  230.    Decinormal  Silver  Nitrate  Solution.*    One  cc.  is  equivalent  to 

Anunonium  bromide NH^Br 0.0098  gram. 

chloride NH^ 0.00535  *'    ' 

Chlorine CI 0.00355  ** 

Cyanogen (CN), 0.0052  ** 

Hydrocyanic  acid HCN  with  indicator 0.0027  ** 

-     HCN  ^^^''""^''''''''^P''''P■[  0.0054  - 

(      itate  '  ^^ 

Hydrobromic  acid HBr 0.0080  " 

Potassium  bromide KBr 0.0119  '* 

chloride KCl / 0.00745  *' 

"         cyanide KCN  with  indicator 0.0065  *  * 

„  ,,  Tr/-NT  i  ^o  formation  of  precip-i ,, 


_^-T  (  to  formation  of  precip-) 
KCN  \      .                     r       r  I  0.0130 
]      itate f  '^ 


Sodium  bromide NaBr 0.0103      " 

**       chloride NaCl 0.00585     " 

No.  201.   Decinormal  Potassium  Bichromate  Solution. t    One  cc.  is  equivalent  to 

Ferrous  carbonate FeCOj o.oi  16  gram. 

Ferric  oxide FcjOj 0.0080      *  * 

Ferrous  o.xide FcO 0.0072       *  * 

**       sulphate FeSO^ 0.0152      ** 

"        FcSO^jHaO 0.0278      " 

Iron  (ferrous) Fe 0.0056      ** 

No.  220.   Decinormal  PotvVSSIUM  Permanganate  Solution.    One  cc.  is  equivalent  to 

Oxalic  acid H2C20^,2H20 0.0063  gram, 

and  to  same  weights  for  iron  salts  as  given  under  N/io  KjCrjO,. 


*  Use  potasnum  chronute  solution  as  an  indicator,  or  add  till  precipitate  appears. 

t  Use  a  freshly  prepared  solution  of  potassium  ferricyanide  as  an  indicatorj  applying  a  drop  of  titrated  solti* 
lioB  to  a  drop  of  indicator  on  a  white  surface. 
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The  following  table  from  Talbot  *  shows  the  reactions  of  the  com- 
inon  indicators  used  in  addimetiy: 


Salnll 


Saluti 


Methyl  oisnee.  . . 
Phenolphlludem.  . 

Lacmoid 

Cochineal 

Rosolic  acid 

AlizariDc 


Red 

Pink 

Colorless 

Purple-red 

Purple-red 

Yellow 

Yellow 


Blue 
Yellow 
Pink 
Blue 
Blue 
Pink 
Red 


Unreliable 
Reliable 
Unreliable 
Unreliable 
RcUable 
Unreliable 
Unreliable 


Reliable 
Unreliable 
Reliable 
Reliable 
Reliable 
Reliable 
Reliable 


Reliable 
Reliable 

Unreliable 
Reliable 
Reliable 

Unreliable 
Reliable 


Reliab.; 
Unreliable 
Reliable 

Unreliable  (?) 
Unreliable 
Unreliablet 
Reliable 
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CHAPTER  m. 

FOOD,  ITS  FUNCTIONS,  PROXIMATE  COMPONENTS,  AND 

NUTRITIVE  VALUE. 

Nature  and  General  Composition. — Food  is  that  which,  when  eaten, 
serves  by  digestion  and  absorption  to  support  the  functions  and  powers 
of  the  body,  by  building  up  the  material  necessary  for  its  growth  and 
by  supplying  its  wastes.  The  raw  materials  that  constitute  our  food- 
supply  are  not  all  available  for  nourishment,  but  often  contain  a  propor- 
tion of  inedible  or  refuse  matter,  which  it  is  customary  to  remove  before 
eating,  such  as  the  bones  of  fish  and  meat,  the  shells  of  clams  and  oysters, 
eggshells,  the  bran  of  cereals,  and  the  skins,  stones,  and  seeds  of  fruits 
and  vegetables.  The  proximate  components  which  make  up  the  edible 
portion  of  food  include  in  general  water,  fat,  various  nitrogenous  bodies 
collectively  known  as  protein,  carbohydrates,  organic  acids,  and  mineral 
matter.  Of  these,  water  is  hardly  to  be  considered  as  a  nutrient,  though 
it  plays  an  important  part  in  nearly  all  foods  as  a  diluent  and  solvent. 
The  fat,  protein,  and  carbohydrates  all  contribute  in  vanning  degree  to 
the  supply  of  fuel  for  the  production  of  heat  and  energ)'.  Besides  this 
universal  function,  the  fats  and  the  carbohydrates  ser\*e  esi)ccially  to 
furnish  fatty  tissue  in  the  body,  while  the  i)rotcin  is  the  chief  source  of 
muscular  tissue. 

Liebig's  classification  of  foods  into  nitrogenous^  or  flesh  formers,  and 
nan-nitrogeneous,  or  heat  generators,  is  now  no  longer  accepted  as  strictly 
logical,  in  view  of  the  well-known  fact  that  the  nitrogenous  materials, 
besides  building  up  the  body,  aid  in  supplying  the  wastes  and  yielding 
cnerg}',  while  the  non-nitrogenous  aid  in  furnishing  tissue  growth  in 
addition  to  serving  as  fuel.  Indeed  protein  is  itself  convertible  into  fats 
and  carbohydrates  within  the  body  by  peculiarly  complex  processes. 

The  Fat  of  Food.— Fats  are  the  glycerides  of  the  fatty  acids,  the 
characteristics  of  the  various  edible  fats  and  oils  being  treated  of  under 

35 
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ihcir  appropriate  headings  elsewhere.  Fat  in  human  food  is  supplied 
by  milk  and  its  products,  by  the  adipose  tissue  of  meat,  and  in  sUght 
extent  by  the  oil  of  cereals  and  by  the  edible  table  oils.  The  term  "ether 
extract "  is  sometimes  used  synonymously  with  fat,  though  other  substances 
than  fat  are,  when  present,  extracted  by  ether,  such  as  chlorophyl  and 
other  coloring  matters,  lecithin,  alkaloids,  etc. 

PROTEIH. — This  term  covers  a  wide  variety  of  nitrogenous  bodies, 
and  in  one  form  or  another  is  found  in  nearly  all  foods,  both  animal  and 
vegetable.  The  terms  "proteids"  and  '"albuminoids"  are  used  generic- 
ally  by  some  chemists  as  sjnonymous  with  "protein"'  to  include  all  nitrog- 
enous bodies  in  food.  The  proteids  and  albuminoids  strictly  speaking 
are,  however,  subdivisions  of  the  nitrogenous  compounds,  thou^  in 
reality  ihey  arc  undoubtedly  by  far  the  most  important  from  the  stand- 
point of  nutrition. 

Protein  a%'ailable  for  food  is  supplied  chiefly  by  the  flesh  of  meat  and 
fish,  by  milk,  cheese,  and  eggs,  and  to  a  smaller  degree  by  the  grains  and 
vegetables,  especially  the  legumes. 

Classificatiom  of  HiTROGEirons  Bodies. — Nitrogenous  compounds 
occurring  in  food  are  for  com-enience  divided  as  follows:  ,\.  Proteids, 
B.  ,\lbuminoids.  C.  Amido-Compounds,  D.  .\Ikaloids.  E.  Xitniles, 
F.  Ammonia,  and  O.  Lecithin.  The  subdivision  of  the  prerteids  and 
albuminoids  as  here  given  follows  in  the  main  the  plan  of  Watts.* 

A.  PROTEIDS. — These  are  highly  complex  and  a-iually  amorphous 
compounds  of  carbon,  hydrogen,  nilro^n.  ox%-|!en,  and  sulphur,  capable 
of  con>'enion  by  certain  enzjTnes  and  digestive  juices  through  a  process 
of  h>'dntion  into  proteoses  and  peptones.  The  latter  after  absorpUoa 
1  Ihi-  boily  are  reconvened  into  proteids.     Xo  marked  distinction  exists 
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a  proteid  solution  produces  a  white  precipitate,  which  becomes  brick-red 
on  heating.  Sodium  chloride  prevents  the  reaction.  Various  organic 
salts  are  precipitated  by  Millon's  reagent,  but  the  precipitate  does  not  turn 
red  on  heating. 

Biuret  Reaction. — If  a  solution  of  a  proteid  in  dilute  sulphuric  acid  be 
made  alkaline  with  potassium  or  sodium  hydroxide  and  very  dilute  copper 
sulphate  be  added,  a  reddish  to  violet  coloration  is  produced,  similar  to 
that  formed  if  biuret*  be  treated  in  the  same  way;  hence  the  name.  An 
excess  of  copper  sulphate  should  be  avoided  lest  its  color  obscure  that  of 
the  reaction. 

PiotrowskVs  Reaction. — Dilute  copper  sulphate  added  to  a  moderately 
strong  solution  of  a  proteid  forms  a  precipitate  of  albuminate  of  copper. 

Phosphotungstic  Acid  Reaction. — According  to  Stutzer,  all  proteid 
matters  in  aqueous,  alkaline,  or  acid  solution  are  precipitated  by  saturation 
with  a  strongly  acid  solution  of  sodium  phosphotungstate.  For  use  as  a 
reagent,  dissolve  the  latter  in  sulphuric,  acetic,  or  phosphoric  acid. 

(a)  Albumins. — These  bodies  are  soluble  in  cold  water  and  in  satu- 
rated solutions  of  sodium  chloride.  They  are  precipitated  by  saturating 
with  ammonium  sulphate,  and  coagulated  by  heat. 

Occurrence. — In  Animal  Foods:    Eggs,  milk. 

In  Vegetable  Foods:   Wheat,  rye,  and  potatoes. 

Qualitative  Tests. — All  the  general  tests  for  proteids  apply  to  albumins. 

Coagulation. — Animal  albumins  usually  coagulate  at  about  75°;  vege- 
table albumins  at  about  65°. 

Miscellaneous  Reactions. — Dilute  acids  precipitate  albumin  with  the 
aid  of  heat.  Nitrate  of  mercury  (in  dilute  nitric  acid)  precipitates  albumins 
from  their  solutions;   also  Mayer's  solution  acidified  with  acetic  acid. 

(b)  Globulins.  —  These  bodies  are  insoluble  in  water,  soluble  in 
dilute  saline  solutions,  but  insoluble  in  concentrated  solutions  of  sodium 
chloride  and  magnesium  or  ammonium  sulphate.  They  are  coagulated 
by  heat. 

Occurrence. — In  Animal  Foods:  As  myosin  in  muscle  of  meat;  as 
vitellin  in  yolk  of  egg. 

In  Vegetable  Foods:  As  vegetable  vitellin  in  cereals  and  legumes. 
Qualitative  Tests. — Globulins  are  precipitated  from  their  solution  with 


*  Biuret  is  the  substance  formed  by  heating  urea  to  160^  according  to  the  following 
reaction: 

2CON,H,  -     CjO^jH.    +     NH, 

Urea  Biuret             Ammonia 
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saturated  magnesium  sulphate  or  sodium  chloride.    Albumins  are  not 
thus  precipitated. 

(c)  ALBtnURATES. — These  are  compounds  formed  by  the  action  of 
weak  acids  and  alkalies  on  globulins  or  albumins.  They  are  insoluble  in 
w'ater  and  in  natural  solutions  containing  no  salt,  but  soluble  in  acids  and 
alkalies.     They  are  not  coagulated  by  heat. 

Occurrence. — In  Animal  Foods:  Casein  of  milk. 

In  Vegetable  Foods:  .^  legumin  in  peas  and  beans;  as  congluten  in 
almonds. 

Qualitative  Tests. — Albuminates  like  globulins  are  precipitated  by 
saturation  with  neutral  salts. 

If  sulphuric  acid  is  added  to  a  solution  of  an  albuminate  in  excess  of 
acetic  acid,  a  violet  coloration  and  a  slight  fluorescence  are  produced. 

(d)  Proteoses. — These  are  bodies  formed  from  proteids  by  the  action 
of  proteolytic  ferments,  being  intermediate  products  in  the  hydration  of  the 
proteids  to  peptones.  They  might  be  considered  as  semi-digested  pro- 
teids. They  may  be  artificially  formed  by  heating  various  proteids  with 
water,  mineral  acids,  or  steam.  They  are  not  coagulated  by  heat,  and  are 
insoluble  in  alcohol. 

Occurrence. — In  Animal  Foods:  In  sour  milk  and  ripened  cheese,  as 
caseose. 

In  Vegetable  Foods:  In  wheat  flour,  as  abrus. 

Subdivision  of  the  Proteoses,— According  to  the  proteids  from  which 
they  are  derived  the  proteoses  are  subdivided  into  albumose,  from  albu- 
min, globulose,  from  globulin,  vilellose,  from  vitellin,  caseose,  from  casein, 
etc. 

Three  varieties  of  albumose  are  as  follows:  proto-albumose,  soluble  in 
water  (both  cold  and  hot)  and  in  dilute  salt  solutions,  but  precipitated  by 
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are  soluble  in  water,  insoluble  in  alcohol,  not  coagulated  by  heat,  and  not 
precipitated  by  nitric  acid. 

Hemi'peptones  are  those  which  are  capable  of  being  further  decom- 
posed into  simpler  bodies,  such  as  leucine  and  tyrosine,  by  prolonged  action 
of  pancreatic  juice. 

Anii- peptones  are  those  incapable  of  further  decomposition  and  which 
do  not  respond  to  Millon's  reaction. 

Occurrence. — Both  forms  of  peptones,  being  diflfusible  in  animal  mem* 
branes,  are  found  in  meat,  but  are  not  present  in  milk.  They  are  not 
found  in  plants. 

Qualitative  Tests. — Besides  giving  the  biuret  reaction,  peptones  are 
precipitated  from  their  solution  by  tannic  acid,  picric  acid,  phosphomolyb- 
dic  acid,  and  by  sodium  phosphotungstate  acidified  by  acetic,  phosphoric, 
or  sulphuric  acid. 

Peptones  are  the  only  soluble  proteids  not  precipitated  by  saturation 
with  ammonium  sulphate.    The  following  table  is  due  to  Halliburton :  * 


Variety 

of 
Protcid. 


Proto- 
albumoee 


Hetero- 
albunuMe 


Deutero- 

albumoae 


Peptone 


Hot  and 
Cold  Water. 


Soluble 


Insoluble;  i.e. 
precipitated 
oy  dialysis 
from  saline 
solutions 


Soluble 


Soluble 


Hot  and 

Cold  Saline 

Solutions, 

e.g.,  io% 

NaCl. 


Soluble 


Soluble:  part- 
ly precipita- 
tea,  but  not 
c  o  a  s:  ulated 
o  n  heating 
to  65**  C. 

Soluble 


Soluble 


Satura- 
tion with 
NaCl  or 
MgS04. 


Precipi- 
tated 


Precipi- 
tated 


Not  pre- 
cipitated 


Not  pre- 
cipitated 


Satura- 
tion with 
(NH4)^0< 


Precipi- 
tated 


Precipi- 
tated 


Precipi- 
tated 


Not  pre- 
cipitated 


Nitric  Acid. 

Copper 
Sulphate. 

Precipit  a  t  e  d 
in  cold;  pre- 
cipitate dis- 
solves   with 
heat  and  re- 

Precipi- 
Uted 

appears     on 
cooling 

Ditto 

Precipi- 
tated 

This  reaction 
occurs    only 
in    presence 
of  excess  of 

salt 

Not  pre- 
cipitated 

Not  pre- 
cipitated 

Not  pre- 
cipitated 

Copper 

Sulphate 

and  Caustic 

Potash. 


Rose-red 
color  (biu- 
ret reac- 
tion) 


Ditto 


Ditto 


Ditto 


(f)  IKSOLUBLE  PROTEIDS. — ^These  are  insoluble  in  water  and  dilute 
acids,  but  soluble  with  heating  in  strong  mineral  acids.  The  proteids  of 
this  class  most  commonly  met  with  are  fibrin  and  myosin  in  animal  foods, 
and  gluten  in  wheat. 

B.  Albuminoids. — ^The  albuminoids  constitute  a  class  of  nitrogenous 
bodies  closely  allied  to  and  in  many  respects  resembling  the  proteids, 
including  the   following  products  found  in  animal  foods: 

*  Chemical  Physiology  and  Pathology,  page  131. 
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(a)  Collagen,  composing  the  fibers  of  connective  tissue,  is  prepared 
from  finely  divided  tendon  by  first  soaking  out  the  soluble  proteids  with 
cold  water,  then  removing  the  mucin  by  soaking  in  lime  water,  and  finally 
washing  with  water  and  dilute  acetic  acid.  By  boiling  with  water  or 
subjecting  to  steam  under  pressure  collagen  is  converted  into 

(b)  Gelatin,  which  is  prepared  also  from  bones  by  boiling.  Insoluble 
in  cold,  but  soluble  in  hot  water.  When  the  hot  water  solution  cools 
it  forms  a  jelly,  if  one  per  cent  or  more  of  gelatin  b  present  in  the  solution. 
By  prolonged  boiling  the  gelatinizing  power  b  lost.  Aqueous  solutions 
of  gelatin  are  strongly  lECvo-rotary. 

Qualilative  Tests. — Gelatin  is  precipitated  from  its  solution  by  mer- 
curic chloride,  picric  acid,  or  tannic  acid.  It  is  readily  distlngubhed 
from  the  proteids  in  that  it  is  not  precipitated  from  its  solution  by  lead 
acetate,  nor  by  most  of  the  metallic  salts  that  throw  down  the  proteids. 

(c)  Hucio. — This  is  the  principal  ingredient  of  the  ground  substance 
of  connective  tbsues  in  meat,  and  is  also  the  chief  component  of  mucus. 
It  is  precipitated  by  lead  acetate,  but  by  no  other  metallic  salt.  It  responds 
to  the  xanthoproteic  and  Millon's  reactions. 

(d)  Nudeio  b  the  chief  component  of  the  nuclei  of  cells,  and  contains 
much  phosphorus.  It  occurs  in  the  yolk  of  eggs  and  in  milk.  It  is 
also  present  in  yeast  and  in  tea  leaves. 

(e)  ChoQdrin. — ^This  is  obtained  from  cartilage  by  long  boiling.  It 
b  a  transparent,  gclatin-likc  substance,  and  in  aqueous  solution  b  pre- 
cipitated by  the  same  reagents  that  precipitate  gelatin. 

(f)  Elastin  is  the  substance  which  forms  the  elastic  fibers  of  connective 
tissue.  It  is  very  insoluble,  and  in  fact  no  solvent  is  known  which  does 
not  decompose  it.     It  is  digestible  by  both  pepsin  and  trypsin. 

C.    AMIDES,  AMIDO-ACIDS,    AHD    ALLIED    PRO DDCTS.— Under  thb 
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after  having  removed  the  albumin  by  coagulation  (by  boiling)  and  by 
filtration.* 

Asparagin  when  heated  with  alkalies  forms  ammonia,  and  with  acids 
forms  ammonium  salts.  Freshly  prepared  copper  hydroxide  is  dissolved 
by  an  aqueous  solution  of  asparagin  by  the  aid  of  heat.  If  sections  of 
vegetable  tissues  containing  asparagin  are  placed  in  alcohol,  crystals 
of  asparagin  are  formed  in  such  a  manner  as  to  be  detected  under  the 
microscope-t 

Closely  allied  to  the  amides  are  the  flesh  bases  of  meat,  chief  among 
which  are  creatin  (C4HyN802),  creatinin  (C4H7N3O),  derived  from  crea- 
tin  by  the  action  of  mineral  acids  and  existing  in  some  fish,  carnin 
(C^HgN^Oj),  and  xanthin  (QH^N^O^). 

D.  AlkalOIDAL  Nitrogen.  —  Alkaloids  do  not  naturally  occur  in 
foods,  with  the  exception  of  tea,  coffee,  and  kola-nuts,  which  contain 
caffeine,  and  cocoa,  which  contains  theobromine. 

E.  Nitrogen  as  Nitrates. — Foods  in  their  natural  condition  rarely 
contain  nitrates.  Meats  cured  with  saltpetre  furnish  the  most  common 
instance  of  nitrates  in  food.  Nitrates  are  tested  for  by  extracting  the 
sample  with  water,  and  treating  the  extract  with  ferrous  sulphate  and 
sulphuric  acid  in  the  usual  manner. 

F.  Nitrogen  as  Ammonia.  —  Ammonia  occurs  very  sparingly  in 
food,  unless  the  latter  has  undergone  some  form  of  decomposition.  In 
ripened  cheese  and  in  sour  milk  one  sometimes  finds  it  in  minute  quan- 
tities. Its  presence  is  tested  for  by  distilling  the  finely  divided  sample  in 
water  free  from  ammonia,  and  testing  the  distillate  with  Nessler's  reagent. 

G.  Lecithin. — This  substance  (Q^H^NPOj)  is  a  phosphorized 
fat,  and  forms  a  part  of  the  cell  material  in  certain  animal  and  vegetable 
foods.  It  is  found  in  considerable  quantity  in  the  yolk  of  egg,  and,  in 
traces,  in  cereals,  peas,  and  beans.  It  is  a  yellowish-white  solid,  soluble 
in  ether  and  alcohol.  Treated  with  water  it  swells  up,  forming  ^n  opales- 
cent solution  or  emulsion,  from  which  it  is  precipitated  by  salts  of  the 
alkali  metals. 

The  Carbohydrates  and  their  Classification.— The  carbohy- 
drates supplied  by  food  are  milk  sugar  and  the  various  sugars,  starches, 
and  gums  from  plant  juices,  cereals,  fruits,  and  vegetables.  Carbohy- 
drates are  generally  understood  as  being  compounds  of  carbon,  hydrogen, 
and  oxygen,  the  last  two  elements  being  present  in  the  proportion  in 


♦  Zeits.  fiir  analytische  Chemie,  22,  page  325. 

t  Wiley.  Principles  of  Agric'l  Analysis,  Vol.  III.  p.  427. 


4'  FOOD  INSPECTION  MND  ANALYSIS. 

which  th^  occur  in  water.    They  are  divided  into  three  main  classes,  as 
follows : 

A.  The  Glucose  Group,  or  Honosaccharids  (C,H„0,),  including 
dextrose,  levulose,  and  galactose, 

B.  The  Cane  Stigar  Group,  or  Disaccharids  (CuHnO,,),  including 
cane  sugar,  milk  sugar,  and  maltose. 

C.  The  CeUulose  Group  {C,H,oOi>,  including  starch,  cellulose,  dex- 
trin, gums,  etc. 

Closely  allied  to  the  carbohydrates,  if  not  actually  belonging  to  them, 
are  inasiu  (C,Hi,0,),  occurring  in  muscular  tissue,  and  pectose,  found 
in  green  fruits  and  vegetables. 

The  ORGAHIC  Acids' — These  acids  are  minor  though  important 
constituents  of  foods.  From  their  conversion  into  carbonates  within 
the  body,  they  are  useful  in  furnishing  the  proper  degree  of  alkalinity 
to  the  blood  and  to  the  various  other  fluids,  besides  being  of  particular 
value  as  appetizers.  They  exist  in  foods  both  in  the  free  state  and  as 
salts,  .\cetic  acid  is  supplied  by  vinegar;  lactic  acid  by  milk,  fresh  meat, 
and  beer;  citric,  malic,  and  tartaric  acids  by  the  fruits. 

HINERAL  OR  ttORGAHIC  MATERIALS.  — These  substances  occur  in 
food  in  the  form  of  chlorides,  phosphates,  and  sulphates  of  sodium,  potas- 
sium, calcium,  inagnesium,  and  iron,  and  are  furnished  by  common  salt,  as 
well  as  by  nearly  all  animal  and  vegetable  foods.  The  inorganic  salts  are 
necessary  to  supply  material  for  the  teeth  and  bones,  besides  having  an 
important  place  in  the  blood  and  in  the  cellular  structure  of  the  entire  body. 

Fuel  Value  op  food. — In  order  to  express  the  capacity  of  foods  for 
yielding  heat  or  energj'  to  the  body,  the  term  fuel  value  is  commonly  used. 
By  the  fuel  value  of  a  food  material  is  meant  the  amount  of  heat  expressed 
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Fig.  13,  consists  of  a  water-tight,  cylindrical,  platinum  lined,  steel  bomb, 
adapted  to  hold  in  a  capsule  the  substance  whose  heat  is  to  be  determined, 
and  containing  also  oxygen  under  pressure.  This  bomb  is  immersed  in 
water  contained  in  a  metal  cylinder,  which  is  in  turn  placed  inside  of 
concentric  cylinders  containing  alternately  air  and  water.  The  heat  for 
igniting  the  substance  is  supplied  by  the  electric  current  passing  through 
wires  to  the  interior  of  the  bomb  and  acting  upon  a  cleverly  devised 
mechanism  therein.    The  heat  developed  by  the  ignition  is  measured  by 


FttJ.  13. — Bomb  Calorimeter  of  Hempel  and  Atwiter 


the  rise  in  temperature  of  the  water  surrounding  the  bomb,  as  indicated 
by  a  vcrj-  delicate  thermometer  graduated  to  hundredths  of  a  degree, 
certain  corrections  being  made,  as,  for  instance,  for  the  heat  absorbed  by 
the  metal  of  the  apparatus.  A  mechanical  stirrer  serves  to  equalize  the 
temperature  of  the  water  surrounding  the  bomb. 

Calculation  0}  Fuel  Value. — By  reason  of  its  great  expense  the  calo- 
rimeter is  beyond  the  reach  of  many  laboratories,  and  on  this  account  the 
expression  of  fuel  values  by  calculation  is  the  most  common  method  em- 
ployed. For  this  the  factors  of  Rnbner  are  generally  used,  in  accordance 
with  which  the  amount  of  encrg>-  in  one  gram  of  each  of  the  three  principal 
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classes  of  nutrients  are,  for  carbohydrates  4.T,'for  protein  4.1,  and  for  fats 
9.3.  Expressed  in  pounds,  each  pound  of  carbohydrate  or  protein  has 
a  fuel  value  of  i860  calories,  while  each  pound  of  fat  has  a  fuel  value  of 
4220  calories. 
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CHAPTER  IV. 
GENERAL  ANALYTICAL  METHODS. 

Bxtent  of  a  Proximate  Chemical  Anal]rsis. — For  purposes  of  studying 
the  proximate  composition  of  food  for  its  dietetic  value,  it  is  nearly  always 
necessary  to  make  determinations  of  moisture,  ash,  fat,  total  nitrogen,  and 
carbohydrates  (when  present),  as  well  as  of  the  fuel  value.  In  some  cases 
it  may  be  desirable  to  proceed  further,  to  make  an  analysis  of  the  ash,  for 
instance,  to  separate,  at  least  into  classes,  the  various  nitrogenous  bodies, 
especially  in  flesh  foods,  and  perhaps  to  subdivide  the  starch,  sugar,  gums, 
and  cellulose  or  crude  fiber  that  make  up  the  carbohydrates  in  the  case  of 
cereals. 

An  analysis  is  considered  complete  whenever  the  purpose  for  which 
the  examination  has  been  made  has  been  accompUshed,  and  on  that  pur- 
pose depends  solely  the  extent  to  which  the  various  compoimds  present 
shall  be  subdivided  and  determined.  Such  a  subdivision  may  be  extended 
almost  indefinitely.  For  example,  a  milk  analysis  may  consist  simply  in 
the  determination  of  the  total  solids  and  (by  difference)  the  water.  Again, 
it  may  be  desirable  to  divide  the  milk  solids  into  fat  and  solids  not  fat, 
and  in  some  cases  to  carry  the  subdivision  still  farther  and  separate  the 
soUds  not  fat  into  casein,  albumin,  milk  sugar,  and  ash. 

Determinations  of  one  or  more  of  the  proximate  components  natural 
to  food  are  frequently  of  great  service  in  proving  their  purity  or  freedom 
from  adulteration.  For  the  latter  purpose,  especially  in  such  foods  as  milk, 
\incgar,  oils,  and  fats,  the  determination  of  specific  gravity  is  also  an 
important  factor.  Special  methods  of  a  peculiar  nature  are  often  neces- 
sar\'  in  the  examination  of  particular  foods,  and  such  methods  will  be 
treated  subsequently  under  the  appropriate  headings.  In  the  present 
chapter  only  such  general  methods  as  are  applicable  to  a  large  variety  of 
cases  will  be  discussed. 

Expression  of  Results  of  a  Proximate  Anal]rsis. — However  complete  the 
division  of  the  various  proximate  compounds  or  classes  of  compounds 
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which  the  analyst  sees  fit  to  make,  the  rcsuhs  of  his  various  determina- 
tions in  a  proximate  analysis  are  expected  to  aggregate  about  ioo%. 
If  every  determination  be  directly  made,  the  result  will  rarely  be  exactly 
too,  but  the  precision  of  the  work  is  apt  to  be  judged  by  its  approach 

to  lOO. 

It  is  often  the  custom  to  determine  certain  compounds  or  classes  of 
compounds  by  difference.  Thus  in  cereals  the  moisture,  the  proleids,  the 
fat,  and  the  ash  may  be  determined  by  the  regular  analytical  methods, 
and  by  subtracting  their  sum  from  loo  the  difference  may  be  expressed  as 
"nitrogen-free  extract"  or  carbohydrates.  It  has  long  been  customary 
in  food  analysis  to  calculate  the  protein  by  multiplying  the  total  nitrogen 
by  the  factor  6.25,  and  on  this  basis  analyses  of  thousands  of  animal  and 
vegetable  foods  have  been  made,  WTiilc  the  figure  thus  obtained  is  an 
arbitrary  one,  being  at  best  but  a  rough  approximation  of  the  amount  of 
protein  present,  yet  for  many  reasons  there  is  much  to  commend  this 
praaice  of  reporting  results.  In  the  first  place,  in  most  cases  it  actually 
docs  approach  the  truth.  Again,  the  nitiogenous  ingredients  of  many  foods 
are  so  numerous  and  varied,  that  for  the  cver\-day  study  of  dietaries  and  food 
values  it  would  be  well-nigh  impossible  with  our-  present  knowledge  to 
subdivide  these  compounds  with  any  degree  of  accuracy,  and  especially 
with  uniformity  between  different  chemists,  to  say  nothing  of  the  time 
involved. 

From  the  fact  that  so  many  valuable  analyses  have  already  been 
expressed  on  the  basis  of  NX6.25  for  protein,  the  advantage  of  comparison 
with  the  resuhs  thus  recorded  would  seem  to  be  in  itself  a  good  reason 
for  continuing  the  practice,  especially  until  a  factor  that  gives  better 
a\enige  results  can  be  adopted.     By  recording  the  actual  nitrogen  found 
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Preparation  of  the  Sample. — It  is  at  the  outset  of  the  utmost  iniportance 
in  all  cases  that  a  strictly  representative  portion  of  the  food  to  be  examined 
should  be  submitted  to  analysis.  All  refuse  matter,  such  as  bones,  shells, 
bran,  skins,  etc.,  are  removed  as  completely  as  possible  from  the  edible 
portion  and  discarded. 

If  the  composition  of  the  entire  mass  cannot  be  made  homogeneous 
throughout,  it  may  be  best  to  select  from  various  portions  in  making  up 
the  sample  for  analysis,  in  order  to  represent  as  fair  an  average  of  the 
whole  as  possible. 

Finally  the  sample,  if  solid  or  semi-solid,  should  be  divided  as  finely 
as  possible,  by  chopping,  shredding,  pulping,  grinding,  or  pulverizing 
according  to  its  nature  and  consistency. 

For  disintegrating  such  substances  as  vegetables  and  meats  for  analysis, 
the  common  household  rotary  chopping-machine  is  admirably  adapted. 
For  pulverizing  cereals,  tea,  coffee,  whole  spices,  and  the  like,  the  mortar 
and  pestle  may  be  used,  or  a  rotary  disk  mill  or  spice-grinder. 

Specific  Gravity  or  Density  of  Liquids. — Where  formerly  it  was  cus- 
tomary to  compare  the  density  of  liquids  with  that  of  water  at  4®  C.  (its 
maximum  density)  it  is  now  more  common  to  refer  to  water  at  15.5®  C. 
or  60®  F.,  making  the  determination  at  that  temperature.  A  common 
form  of  expressing  the  temperature  of  the  determination  and  the  tempera- 
ture of  the  standard  volume  of  water  with  which  that  of  the  substance  is 
to  be  compared,  is  the  employment  of  a  fraction,  the  numerator  of  which 
expresses  the  temperature  of  the  determination  and  the  denominator 

i.    ,              ,     ,       ,            r                      15-5°    15-5^     100°    4^^.- 
that  of  the  standard  volume  of  water,  as   —  ©"»   o>  b»  "5  C.* 

4        15-5      15-5     4 
When  extreme  accuracy  in  the  determination  of  density  is  required,  the 

pycnometer  or  Sprengel  tube  should  be  employed. 

The  Hydrometer, — ^This  instrument  furnishes  the  most  convenient  and 
ready  means  of  determining  the  density  of  liquids  where  extreme  nicety 
is  not  required.  If  well  made  and  carefully  adjusted,  the  hydrometer 
may  be  depended  on  to  three  decimal  places,  but  before  relying  on  its 
accuracy,  it  should  be  tested  by  comparison  with  a  standard  instrument, 
or  with  the  pycnometer. 

The  liquid  whose  density  is  to  be  determined  is  contained  in  a  jar 
whose  inner  diameter  should  be  at  least  J"  larger  than  that  of  the  spindle- 

*  Unless  otherwise  stated,  all  specific  gravities  in  this  volume  are  assumed  to  be  expressed 
OS  the  basis  of  -^ 
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bulb,  and  the  temperature  of  the  liquid  should  be  exactly  15.5°  when  the 
reading  is  taken. 

For  best  results  for  use  with  liquids  of  varying  densities,  the  laboratory 
should  be  furnished  with  a  set  of  finely  graduated  hydrometers,  each 
limited  to  a  restricted  part  of  the  scale,  together  with  a  universal  hydrom- 
eter coarsely  graduated,  covering  the  entire  range,  to  show  by  preliminary 
test  which  of  the  special  instruments  should  be  used. 

A  convenient  set  of  seven  such  hydrometers  are  graduated  as  follows: 
0.700-0.850,  0.850-1.000,  1. 000-1.200,  i.aoo-1.400,  1.400-1,600,  1.600- 
1.800,  1.800-2.000,  while  the  miiversal  hydrometer  has  a  scale  extending 
from  0.700  to  2.000.  Another  less  delicate  set  of  three  only  has  one  for 
liquids  lighter  than  water  and  two  for  heavier  liquids.  Some  instruments 
have  thermometers  in  the  stem.     Others  require  a  separate  thermometer. 

The  Westphal  Balance  (Fig.  14). — This  instrument  consists  of  a- 
scale-beam  fulcrumed  upon  a  bracket,  which  in  turn  is  upheld  by  a  sup- 
porting pillar.  The  scale-beam  is  graduated  into  ten  equal  divisions. 
From  a  hook  on  the  outer  end  of  the  beam  hangs  a  glass  plummet  pro- 
vided with  a  delicate  thermometer,  the  beam  being  so  adjusted  that  when 
the  dry  plummet  hangs  in  the  air,  the  beam  is  in  exact  equilibrium,  i.e., 
perfectly  horizontal  as  shown  by  the  indicator  on  its  inner  end.  If  the 
lai^e  rider  be  placed  on  the  same  hook  as  the  plummet  and  the  latter 
immersed  in  distilled  water  of  the  standard  temperature  at  which  the 
determinations  are  to  be  made  (say  15.5*0.),  the  scale-beam  should 
again  be  in  equilibrium  if  the  instrument  is  accurately  adjusted.  As 
commonly  made,  the  weight  of  the  plummet  including  the  platinum  wire 
to  which  it  is  attached  amounts  to  15  grams,  and  the  displacement  of 
its  volume  to  5  grams  of  distilled  water  at  15.5°  C,  the  normal  temperature 
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stored,  the  third  and  the  fourth  riders  succes^vely.  If  it  happens  that 
two  riders  should  occupy  the  same  position  on  the  beam,  the  smallec 
is  suspended  from  the  larger. 

If  the  liquid  is  heavier  than  water,  the  method  employed  is  the  same 
except  that  one  of  the  largest  or  unit  riders  is  in  this  case  always  hung 
from  the  h6ok  which  supports  the  plummet,  while  the  others  cross  the 


Fig.  14.— The  Westphal  Balance. 

beam  at  the  proper  points.  If  carefully  made  and  adjusted,  the  Westphal 
balance  is  capable  of  considerable  accuracy. 

A  delicate  analytical  balance  can  be  used  in  place  of  the  less  carefully 
adjusted  Westphal  instrument,  by  hanging  the  Westphal  plummet  from 
one  of  the  scale-hooks  of  the  same,  and  cmplojing  a  fixed  support  for  the 
glass  jar  that  holds  the  liquid  in  which  the  plummet  is  to  be  immersed. 
The  support  is  so  arranged  that  the  scale-pan  below  it  can  mo\e  freely 
without  coming  in  contact  with  it.    This  arrangement  is  shown  in  Fig.  15. 

The  Pycnomeler,  or  Sped  fie- graxnty  Bollle.  —  Fig.  16  shows  the  two 
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forms  of  pycnometer  commonly  made.  The  plain  form  has  a  ground- 
^ss  stopper  with  a  capillary  passage  through  it,  th^  other  has  a  fine  ther- 
mometer connected  with  the  stopper  and  a  capillary  side  tube  provided 
with  a  ground  hollow  cap.  Both  arc  made  in  different  sizes  to  hold 
respectively  lo,  25,  50,  and  100  grams  of  distilled  water  at  the  standard 


Fig.  15. — The  Analytical  Balance  Airanged  for  Determining  Specific  Gnvi^  mth  the 
Wesiphal  PlummeL 


temperature.    It  is  convenient  to  have  a  counterweight  for  each  pycnom- 
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on  the  balance,  when  the  temperature  has  reached  the  standard  (say  15.5° 
C.)t  being  careful  to  wipe  off  the  excess  of  liquid  that  exudes  from  the  capil- 
lai)'  due  to  expansion.  The  net  weight  of  the  liquid  is  di\'idcd  by  that  of 
the  same  volume  of  distilled  water,  previously  ascertained  under  the  same 
conditions  at  the  same  temperature,  the  result  being  the  density  of  the 
liquid. 

The  pycnometer  with  thermometer  attachment  is  obviously  susceptible 
of  a  greater  degree  of  accuracy  than  the  other  form,  since  the  temperature 
of  the  liquid,  even  though  15.5"  C.  at  the  start,  soon  rises. 


Fig.  16. — Types  ot  Pycnometer. 


The  writer  prefers  to  use  the  pycnometer  ]>n>vidcci  with  the  ther- 
mometer, but  without  the  hollow  cap  that  covers  the  capillary  side  tube, 
unless  liquids  like  strong  acids  are  to  be  operated  on,  that  might  other- 
wise injure  the  balance.  By  keeping  the  liquid  to  be  listed  for  some  lime 
in  a  refrigerator,  it  acquires  a  temperature  of  from  10  to  12°  C.  It  is 
then  transferred  in  the  regular  manner  to  the  pycnometer  and  the  ther- 
mometer-stopper inserted  (but  not  the  hollow  cap)  and  the  bottle  wiped 
dry.  There  is  ample  time  to  adjust  the  balance- weights  with  extreme 
care  while  the  temperature  of  the  liquid  is  rising,  leisurely  wiping  off 
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at  intervals  with  a  soft  towel  the  excess  that  exudes  from  the  capillary 
tube,  the  final  weight  of  the  dry  bottle  and  contents  being  made  at  the 
exact  temperature  of  15.5"  C. 

In  taking  the  tare  or  adjusting  the  counterweight  of  a  specific-gravity 
bottle,  the  latter  should  be  perfectly  cleaii  and  dry.  It  had  best  be  rinsed 
first  with  water,  then  with  alcohol,  and  finally  T,vith  ether,  all  traces  of  the 
latter  being  removed  by  a  current  of  dry  air,  or  otherwise,  before  weighing. 
In  making  successive  determinations  of  density  of  a  number  of  different 
liquids  with  the  same  pycnometer,  it  is  sufficient  to  rinse  the  bottle  once 
with  a  little  of  the  Uquid  to  be  tested  before  making  each  determination, 
when  the  various  Uquids  are  miscible.  When  the.  liquids  are  immiscible, 
the  bottle  should  be  carefully  cleaned  in  the  manner  described  in  the 
previous  paragraph  before  making  each  test. 

The  Sprengel  Tube. — The  Sprengel  tube  is  a  variety  of  pycnometer 
useful  when  only  a  small  quantity  of  the  liquid  to  be  tested  is  available. 
It  is  susceptible  of  great  accunic}".  It  consists  of  a 
U-shaped  tube  (Fig.  1 7),  each  branch  of  which  termi- 
nates in  a  horizontal  capillar)'  tube  bent  outward. 
One  of  the  capillaries,  6,  has  a  mark  m  thereon  and 
has  an  inner  diameter  of  about  0.5  mm.  The 
diameter  of  the  other  capillary,  a,  should  not  exceed 
0.25  mm.  The  liquid  at  room  temperature  is  as- 
pirated into  the  tube  so  as  to  fill  it  completely,  the 
end    b   being  dipped  in   the  liquid  while  suction  is 

IM||B|i>  applied  at  the  end  a.     The  tube  is  then  placed  in  a 

III  beaker  of  water  kept  at  the  standard  temperature, 

||l  the  beaker   being  of   such   size   that   the  capillary 

'"  ends  rest  on  the   edge.      The  temperature    of   the 
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Determination  of  Moisture. — The  moisture  is  usually  calculated 
from  the  weight  of  dry  residue  left  after  driving  out  all  the  water  by  evapo- 
ration from  a  weighed  portion  of  the  sample,  using  generally  from  i  to  lo 
grams  in  a  tared  dish.  Some  substances  readily  part  with  their  water 
at  IOC®;  others,  ag^n,  require  a  much  higher  temperature  or  an  extremely 
long  heating.  In  general  the  highest  possible  degree  of  heat  should  be 
employed  that  will  not  aflfect  the  other  constituents.  Certain  saccharine 
products  should  theoretically  be  dried  at  a  temperature  not  exceeding 
70®  on  account  of  the  dehydration  of  some  of  the  sugars  at  higher  tempera- 
tures. On  the  contrary,  where  readily  decomposable  organic  matter 
is  known  to  be  absent  and  the  character  of  the  substance  will  permit, 
it  is  sometimes  possible  to  employ  temperatures  considerably  above  100° 
for  quick  drying. 

It  is  not  always  safe  to  assume  that  water  is  the  only  substance  evap- 
orated on  drying.  Thus  spices  and  other  products  containing  essential 
oils  give  off  appreciable  quantities  of  these  oils  when  dried  at  100°. 

As  it  is  rarely  possible  to  attain  a  temperature  higher  than  98°  in  the 
water-oven,  a  gas-heated  air-oven  of  the  general  type  of  that  described 
on  page  21,  with  ready  means  for  controlling  the  temperature,  is  best 
for  general  moisture  determinations  in  the  food  laboratory. 

Platinum  dishes  like  those  described  on  page  97  are  admirable  for 
nearly  all  moisture  determinations,  but  thin  dishes  of  porcelain,  glass,  or 
metal  may  be  used.  Thin  liquids  and  air-dry,  powdered  substances  may 
usually  be  weighed  directly  in  the  dish  and  dried,  without  the  use  of  an 
absorbent. 

With  very  moist  substances  containing  much  cellulose  as  well  as  water, 
it  is  often  advantageous  to  weigh  into  the  dish  and  allow  to  simmer  for 
a  long  time  on  the  water-bath,  before  drying  to  constant  weight  in  the 
air-oven  at  higher  temperature. 

Viscous  substances  should  generally  be  spread  over  finely  divided 
asbestos  fiber,  or  pieces  of  pumice  stone,  or  sea  sand,  which  should  be 
previously  ignited  and  weighed  with  the  dish,  the  object  being  to  divide 
up  the  weighed  portion  as  finely  as  possible  for  its  better  exposure  to 
the  heated  air  in  the  drj'ing-oven. 

Determination  of  Ash. — For  determining  the  percentage  of  the  ash 
or  mineral  matter,  it  is  often  convenient  to  use  the  portion  previously 
weighed  out  and  dried  in  obtaining  the  moisture,  the  dry  residue  after 
the  second  weighing  being  in  such  cases  burnt  in  the  original  dish  over 
a  low  flame.    Or,  if  desired,  a  fresh  portion  of  the  original  substance  may 
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be  air-dried  or  subjected  to  a  preliminary  drying  in  the  water-bath  and 
then  burnt,  taking  care  that  there  is  no  loss  by  sputtering  or  otherwise. 

Platinum  dishes  will  be  found  much  the  most  convenient  in  all  cases 
where  they  may  be  safely  used.  In  general  the  shallow  flat  dishes  de- 
scribed on  page  97  are  preferable.  Where  lead  or  tin  compounds  are 
present,  or  when  sulphides,  sulphates,  or  phosphates  are  to  be  burnt  with 
reducing  agents,  platinum  is  sure  to  be  attacked  and  porcelain  dishes 
or  crucibles  should  be  used  instead.  For  the  ordinary  care  of  platiaum 
dishes  it  would  be  well  to  know  that  platinum  b  attacked  at  ordinary 
temperatures  by  free  chlorine  and  bromine,  and,  when  ignited,  by  free 
sulphur,  phosphorus,  arsenic,  and  iodine.  Platinum  dishes  are  liable 
to  injury  also  when  used  for  the  ignition  of  sulphates,  sulphides,  and  phos- 
phates with  reducing  substances,  or  with  metals  present  that  are  reduced 
in  fusion,  such  as  mercury,  bismuth,  tin,  lead,  zinc,  antimony,  etc. 

The  degree  of  heat  employed  in  ashing  should  be  the  lowest  possible 
to  insure  complete  oxidation  of  the  carbon,  so  as  to  avoid  driving  off 
certain  volatile  salts  that  are  sometimes  present  and  that  would  be  lost  if 
the  heat  were  too  high.  In  general  a  dull  red  heat  is  preferable,  the  ash 
being  usually  best  obtained  by  the  direct  action  of  the  gas  flame  on  the 
open  dish  containing  the  sample,  the  dish  being  suspended  on  a  triangle 
or  other  support  above  the  flame-  It  is  rarely  necessary  to  employ  the 
muffle  in  obtaining  the  ash  of  food  products.  There  are  sonle  substances, 
however,  that  would  injure  a  platinum  dish  if  ignited  over  the  free  flame 
which  may  be  ashed  with  safety  in  a  muffle.  Thus  the  cereab  like  whole 
wheat  and  barley  have  been  found  to  ruin  {>latinum  dishes  when  ignited 
therein  directly  over  the  flame,  doubtless  due  to  the  phosphates  present, 
but  they  may  safely  be  ignited  in  platinum  in  the  muffle.  Heating  should 
till  the  Ciirbon  is  all  oxidized,  which  i?  in  most  c 
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trated  sulphuric  acid,  when  the  presence  of  sulphates  in  the  ash  is  not 
objectionable. 

Methods  for  the  detection  and  determination  of  the  various  ash  ingre- 
dients are  in  general  the  familiar  processes  of  the  analytical  chemist  and 
vrill  not  be  here  considered.  Such  cases,  however,  as  are  peculiar  to 
certam  foods,  like  the  metallic  impurities  that  occur  in  canned,  bottled, 
and  preserved  foods  under  certain  conditions, 
will  be  considered  in  their  appropriate  place. 

Extraction  with  Volatile  Solvents. — ^Wher-  , 
ever  it  is  necessary  to  exhaust  a  substance  of  its 
ether-soluble    or   alcohol-soluble   ingredients, 
some  form  of  continuous  extraction  apparatus 
is  employed  with  advantage. 

The  Sozhlet  Extractor. — ^This  apparatus, 
or  one  of  its  modifications  is  most  commonly 
employed  for  continuous  extraction.  Fig.  i8 
shows  the  simplest  form  of  the  Soxhlet  ex- 
tractor, consisting  essentially  of  a  wide  tube, 
il,  provided  with  the  side  siphon  a,  a  con- 
denser, 5,  and  a  wide-mouthed  flask,  C,  all 
connected  together  in  the  manner  illustrated, 
either  by  soft,  accurately  fitting  corks  or  by 
ground  joints,  or  by  mercury-sealed  connec- 
tions. Care  in  either  case  should  be  taken 
to  have  the  joints  perfectly  tight,  so  as  to 
avoid  loss  by  leakage.  The  construction  is 
such  that  the  substance  to  be  extracted,  which 
is  contained  in  the  tube  -4,  is  subjected  to 
successive  treatment  with  freshly  distilled 
portions  of  the  solvent.  The  vapor  from  the 
solvent,  boiling  in  the  flask  C,  passes  up 
through  the  side  tube  a'  into  the  cold  con- 
denser 5,  where  it  is  again  reduced  to  liquid  ^°-  ^^.-The  Soxhict  Kxtracior 

,-„--,  ,  ,  ,  with  Electric  Heater. 

and  falls  drop  by  drop  upon  the  substance  to  be 

extracted,  which  is  confined  in  a  suitable  porous  receptacle  or  perforated 
vessel  in  the  tube  A.  The  substance  is  thus  allowed  to  macerate  in  the 
solvent  till  the  level  of  the  latter  reaches  the  top  of  the  siphon,  when 
all  of  the  solvent  in  the  tube  drains  off  into  the  flask  C,  carrying  with  it 
whatever  it  dissolves.    The  operation  is  at  once  repeated,  the  substance 
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h^ng  subjected  to  successive  extractions  with  freshly  distilled  portions 
of  the  solvent,  which  leaves  behind  in  the  flask  C  whatever  it  dissolves. 
This  operation  of  continuous  extraction,  when  the  conditions  are  right, 
goes  on  indefinitely  without  attention. 

The  weighed  portion  of  the  sample  to  be  extracted  (from  2  to  5  grams) 
is  first  deprived  of  its  moisture  by  drying,  if  free  from  volatile  oil,  and 
then  transferred  to  the  bottom  of  the  tube  A.  There  are  various  methods 
of  doing  this.  If  the  substance  is  a  fluid  or  serai-fiuid  like  milk,  it  may 
be  taken  up  on  an  absorption-coil  of  fat-free  filter-paper  and  dried  (sec 
page  99),  the  dried  coil  being  transferred  to  the  tube  A.  Or  the  sample 
may  be  weighed  into  a  very  thin  glass  shell  (Hoffmeister's  Schalchen) 
in  which  it  is  dried,  after  which  the  shell  is  wrapped  in  bibulous  paper, 
crushed  between  the  fingers  into  small  bits,  and  the  whole,  in  the  form 
of  a  small  packet,  is  placed  in  the  tube  A.  Or,  again,  the  material,  if 
in  the  form  of  an  air-dried  powder,  may  be  weighed  in  a  tared  platinum 
dish  or  watch-glass  and  transferred  by  a  brush  into  a  partly  folded  wrapper 
of  filter-paper,  the  ends  of  which  are  afterwards  closed  in  by  folding  to 
form  a  packet,  which  b  first  dried  thoroughly  in  the  oven  and  then  placed 
in  the  tube  A.  The  fat-free  porous  shells  made  by  Schleicher  &  Schull, 
in  various  sizes  to  fit  the  Soxhlet  tubes,  form  convenient  receptacles 
for  the  extraction  of  dry  substances.  The  sample  may  in  most  cases 
be  directly  weighed  into  one  of  these  shells  after  taking  its  tare,  and  the 
drying  and  extraction  carried  out  at  once. 

Extraction  with  Ether. — In  taking  the  so-called  ether  extract,  some- 
times reckoned  as  fat,  the  solvent  employed  is  either  ethyl  ether  or  the 
cheaper  petroleum  ether.  Whichever  reagent  is  employed,  certain 
precautions  are  necessary  for  the  purity  of  the  reagent.  If  ethyl  ether 
Is  used,  It  should  be  entirely  freed  from  moisture  and  alcohol  Ijy  lirst 
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be  considered.      A  convenient  still  for  fractionating  Such  substances 
as  petroleum  ether  is  shown  in  Fig.  19. 


Flo.  19. — Ftaclionaling-itill,  Arnuigcd  for  Petroleum  Ether. 

yahod  0}  Conducting  the  Extraction.—Vac  flask  C,  Fig.  18,  is  first 
thoroughly  cleaned  and  dried  and  then  weighed,  after  which  enough  of 
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the  solvent  reagent  is  poured  into  it  to  last  through  the  period  of  the  ex- 
traction, and  the  parts  of  the  apparatus  are  connected. 

The  heater  employed  should  be  a  water-bath,  or,  as  shown  in  Fig.  i8, 
an  electric  stove,  which  may  be  provided  with  a  fractional  rheostat  for 
varying  the  amount  of  heat. 

The  degree  of  ebullition  is  so  regulated  as  to  allow  the  solvent  to  saturate 
the  sample  and  siphon  over  into  the  flask  C  from  six  to  twelve  times  an 
hour,  the  extraction  being  continued  from  two  to  six  hours,  or  until  all 
the  I't her- soluble  material  has  been  removed.  Care 
should  be  taken  also  that  the  rale  of  boiling  and  the 
rale  of  condensation  arc  so  regulated  that  no  appre- 
ciable loss  of  reagent  occurs  during  the  cxlraction, 
A  strong  smell  of  ether  perceptible  at  the  top  of  the 
condenser  indicates  a  loss.  The  solvent  is  recovered 
I  at  the  end  of  the  extraction  by  disconnecting  the 
'  weighing-flask  at  a  time  when  nearly  all  of  the  solvent 
is  in  the  part  A  and  before  it  is  ready  to  siphon  over. 
The  weighing-flask  is  then  freed  from  all  traces  of 
the  solvent  by  drying  first  on  the  water-bath  and  then 
in  the  oven,  after  which  it  is  cooled  in  the  desiccator 
and  weighed,  the  difference  between  this  and  the  first 
weighing  representing  the  weight  of  the  fat  or  ether 
extract. 

Extraction  with  Immiscible  Solvents.  - —  It    is  fre- 
quently necessary  to  dissoh'e  out  a  substance   from  a 
J  hquid  by  shaking  it  with  an  immiscible   solvent,  as, 
for  example,  in  the  extraction  of  certain  preserv'atives 
from  aqueous  or  acid  solutions  wilh  clher,  petroleum 
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out  through  the  top.  If  troublesome  emulsions  form  when  shaken,  they 
may.  frequently  be  broken  up  by  adding  an  excess  of  the  solvent  and 
again  ver>'  gently  shaking,  or  by  careful  manipulation  with  a  stirring-rod. 
If  the  solvent  is  ether,  and  an  obstinate  emulsion  forms,  it  may  frequently 
be  broken  by  the  addition  of  chloroform.  Such  a  mixture  of  ether  and 
chloroform  sinks  to  the  bottom  and  may  be  drawn  oflF  as  in  the  case  of 
chloroform  alone.  Ether  or  chloroform  emulsions  that  refuse  to 
j-ield  to  either  of  the  above  methods  may  often  be  broken  by  the  aid  of 
a  centrifuge. 

Determination  of  Nitrogen  by  Hoist  Combustion. — In  thus  determin- 
ing nitrogen,  the  organic  matter  is  first  decomposed  by  digestion  with  an 
oxidizer,  the  carbon  and  hydrogen  being  driven  off  in  gaseous  form  as 
carbon  dioxide  and  water  respectively,  while  the  nitrogen  is  converted 
into  an  ammonium  salt,  from  which  free  ammonia  (NH3)  is  later  liberated 
by  oiaking  alkahne.  yhe  ammonia  is  then  distilled  into  an  acid  solution 
of  known  value  and  calculated  by  titrating  the  excess  of  acid. 

The  Kjeldahl  process  of  moist  combustion,  involving  the  use  of  mercury 
or  mercuric  oxide  in  oxidizing  and  of  potassium  sulphide  in  distilling,  has 
been  largely  superseded  by  the  simpler  Gunning  method,  which  is  better 
adapted  for  general  food  work. 

The  method  as  described  in  its  simplest  form  is  not  applicable  in  the 
presence  of  nitrates,  but  the  latter  occur  very  rarely  in  foods  in  appreciable 
amounts.  The  ordinary  Gunning  method  is  not  well  adapted  to  the 
determination  of  nitrogen  in  pepper,  on  account  of  the  difficulty  with 
which  piperin  undergoes  decomposition.  In  this  case  nitrogen  is  best 
determined  by  the  Gunning- Arnold  method,  page  334. 

The   Gunning  Method. — Reagents: 

Standard  alkali  solution,  N/io  NaOH. 

Pulverized  potassium  sulphate. 

Sulphuric  acid,  concentrated. 

Sodium  hydroxide,  saturated  solution. 

Standard  acid  solution,  N/io  H2SO4  or  HCL 

An  indicator,  cochineal.  * 

Granulated  zinc. 

The  digestion  and  distillation  are  preferably  carried  out  in  the  same 
flask,  which  should  be  pear-shaped  with  round  bottom  and  made  of  hard, 
moderately  thick,  well-annealed  glass.  A  convenient  size  has  the  follow- 
ing dimensions:  length  29  cm.,  maximum  diameter  10  cm.,  tapering  gradu- 
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ally  to  a  long  neck,  which  near  the  end  is  aS  mm.  in  diameter  with  a 
flaring  edge.    Its  capacity  is  about  550  cc. 

If  desired,  the  digestion  may  be  conducted  in  a  smaller  bard-glass 
flask  of  about  250  cc.  capacity  and  of  the  same  shape  as  the  above, 
and  the  distillation  m  an  ordinary  round-bottomed  flask  of  500  cc. 
capacity. 

Introduce  from  0.5  to  3.5  grams  of  the  sample  into  the  digestion-flask 
with  10  grams  of  potassium  sulphate  and  from  15  to  25  cc.  of  concentrated 
sulphuric  acid.  The  flask  is  inclined  over  the  flame  and  heated  gently 
for  a  few  minutes  lielow  the  boi&ng-point  of  the  acid  till  the  frothing 
has  ceased,  after  whicli  the  heat  is  gradually  increased  till  the  acid  boib, 
and  the  boiling  is  continued  till  the  contents  have  become  practically 
colorless  or  at  least  of  a  pale  straw  color.  Wire  gauze  is  uiterposed 
between  the  flask  and  flame.  A  funnel  placed  in  the  neck  of  the  flask 
acts  as  a  return-flow  condenser. 

The  contents  of  the  flask  are  then  cooled,  and,  if  the  digestion  has 
been  conducted  in  the  larger  flask  suitable  also  for  distilling,  as  above 
recommended,  200  cc.  of  water  are  added  and  sufficient  strong  sodium 
hydroxide  to  make  the  contents  strongly  alkaline,  using  phenolphthalein  as 
an  indicator.  If  a  separate  flask  Is  used  for  the  distillation,  the  contents 
of  the  digestion-flask  are  transferred  thereto  with  the  water  and  the  alkali 
added.  A  few  pieces  of  granulated  zinc  should  also  be  introduced,  which 
by  the  evolution  of  gas  prevents  bumping  and  the  sucking  back  of  the 
distillate.  The  flask  is  then  well  shaken  and  connected  with  the  con- 
denser, the  bottom  of  which  is  provided  with  an  adapter,  dipping  below 
the  surface  of  the  standard  hydrochloric  or  sulphuric  acid,  a  measured 
quantity  of  which  is  contained  in  the  receiving-flask.    The  distillation  is 


GENERAL  ANALYTICAL  METHODS. 


63 


Modification  of  Gunning  Hetbod  to  include  Ritrogen  of  Nitrates. — ^In 
addition  to  the  reagents  used  in  the  simpler  Gunning  method,  sodium 
thiosulphate  and  salicylic  acid  are  required. 

A  mixture  of  salicylic  and  sulphuric  acids  is  made  in  the  proportion  of 
30  cc  of  concentrated  sulphuric  to  1  gram  of  salicylic.    From  30  to  35  cc.  of 
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the  mixture  are  added  to  the  0.5  to  3.5  grams  of  the  substance  in  the  di- 
gestion-flask, the  flask  is  well  shaken  and  allowed  to  stand  a  few  minutes, 
occasionally  shaking.  Then  5  grams  of  sodium  ihiosulphatc  are  added, 
and  10  grams  of  potassium  sulphate,  after  which  the  heat  is  applied,  at 
first  very  gently  and  afterwards  increasing  slowly  till  the  frothing  has  ceased. 
The  healing  is  then  continued  till  the  contents  have  been  boiled  practically 
colorless.     From  this  point  on,  proceed  as  in  the  Gunning  method. 
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Detenninatloh  of  Free  AnunonU.— A  weighed  quantity  of  the  finely 
divided  sample,  treated  with  ammonia- free  water  and  made  alkaline  with 
barium  or  magnesium  carbonate,  is  distilled  into  a  measured  quantity  of 
standard  add  (tenth-normal  hydrochloric  or  sulphuric  acid)  and  the  amount 
of  ammonia  determined  by  titration. 

Determinatioii  of  Amido-nitrogen.* — In  the  absence  of  ammonia,  or 
after  the  removal  of  the  ammonia  as  described  in  ihe  preceding  section, 
the  sample  is  boiled  for  an  hour  with  5%  hydrochloric  or  sulphuric  acid, 
which  converts  the  amido-compounds  into  ammonium  salts  (chloride  or 
sulphate).  Assuming  asparagin  to  be  the  amido-compound  acted  upon, 
the  reaction  is  as  follows: 

2C  H,N,0,-)- H,SO,+  2H20=  (NH,)^0.+  2C,H,N0  . 

Asparjmin  Ammonium  Asputic  acid 

lulphalc 

Exactly  neutralize  the  free  acid  with  sodium  carbonate,  add  magnesia 
(fR-c  from  carbonate),  and  distil  into  standard  tenth-normal  acid.  The 
ammonia  is  determined  by  titration  in  the  usual  manner,  and  its  nitrogen 
R'pR'Si'nts  half  of  the  nitrogen  contained  in  the  amido-compound,  which 
it  is  customar\'  to  calculate  as  asparagin. 

Determination  of  the  Various  Carbohydrates. — Under  title  of  "  Cereals" 
in  Chapter  IX  are  given  in  detail  methods  for  separation  and  determination 
of  sugar,  dextrin,  crude  fiber,  etc. 

POISOHED  Foods. — Such  metallic  impurities  as  are  present  in  food 
products  incidental  to  their  preparation,  or  as  adulterants,  will  be  con- 
sidcRHl  under  title  of  the  foods  liable  to  such  adulteration. 

The  detection  of  highly  toxic  substances  in  food,  such  as  arsenic,  mer- 
curic chloride,  the  alkaloids,  and  other  organic  poisons  that  do  not  occur  in 


GENERAL  ANALYTICAL  METHODS.  65 

Detection  of  Arsenic. — ^In  testing  most  food  substances  for  arsenic,  it  is 
usually  unnecessary  to  entirely  destroy  the  organic  matter,  but  whenever 
possible  the  substance  under  examination  should,  by  treatment  with  con- 
centrated nitric  and  sulphuric  acids,  be  brought  into  the  form  of  a  dry 
char,  which  may  readily  be  divided  finely  by  the  action  of  a  pestle  in  a 
mortar.  In  this  condition  the  arsenic,  which  by  the  process  has  been 
oxidized  to  arsenic  acid,  may  be  completely  dissolved  by  continual  treat- 

« 

ment  with  boiling  water.  The  hot-water  solution  containing  the  extract 
of  the  powdered  char  is  then  cooled,  filtered,  and  submitted  to  the  Marsh 
apparatus. 

For  preUminary  treatment  of  liquids  or  semi-liquid  substances,  proceed 
as  directed  under  arsenic  in  beer,  page  591. 

In  treating  substances  like  meats,  vegetables,  and  the  like,  follow  in 
general  the  directions  of  Chittenden  and  Donaldson  *  for  organic  tissues, 
the  proportions  of  acid,  etc.,  being  varied  to  suit  special  conditions.  Heat  in 
a  porcelain  dish  icx5  grams  of  the  fmely  divided  substances  with  23  cc.  of 
pure  concentrated  nitric  acid  at  a  temperature  between  150°  and  160°  C, 
stirring  occasionally  with  a  glass  rod.  After  the  substance  has  taken  on 
a  deep  yellow  or  orange  color,  remove  the  dish  from  the  heat,  add  3  cc. 
of  pure  concentrated  sulphuric  acid,  and  stir  while  the  nitrous  fumes  are 
given  off.  The  operator  should  wear  a  rubber  glove  to  protect  the  hands. 
Again  heat  to  about  180°  and  add  while  hot,  drop  by  drop,  8  cc.  of  pure 
concentrated  nitric  acid,  stirring  during  the  addition  of  the  acid.  Then 
heat  at  200°  till  sulphuric  acid  fumes  come  off  and  a  dry  carbonaceous 
mass  remains. 

This  is  then  pulverized  and  exhausted  with  boiUng  water,  and  the 
aqueous  solution,  when  cold,  submitted  to  the  Marsh  test. 

The  Marsh  Apparatus  and  Us  Operation. — Fig.  22  shows  a  simple 
form  of  Marsh  apparatus  applicable  for  this  work.  The  generator  is 
provided  with  a  doubly  perforated  rubber  stopper,  containing  the  usual 
deliverv-tube  and  the  entrance-tube.  The  latter  has  for  convenience 
a  60°  funnel  at  the  top,  into  which  the  filter-paper  can  be  folded  and 
the  solution  containing  the  extract  filtered  directly  into  the  generator. 
A  chloride  of  calcium  dr)'ing-tube  is  interposed  between  the  generator 
and  the  capillary  tube,  the  latter  being  drawn  from  hard  arsenic-free 
tubing. 

The  apparatus  is  operated  in  the  usual  manner,  using  arsenic-free 

*  American  Chem.  Journal^  II.  No.  4;  Chem.  News,  Jan.  1881,  p.  az. 
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granulated  zinc  and  dilute  sulphuric  acid.  After  running  the  current 
of  hydrogen  long  enough  through  the  heated  tube  to  prove  the  absence 
of  arsenic  in  the  reagents  or  apparatus,  the  aqueous  solution  of  the  char 
is  poured  into  the  moistened  filter  at  the  top  of  the  funnel-tube  and  allowed 
to  filter  slowly  into  the  generator.  The  length  of  time  necessary  to  deposit 
in  the  capillary  tube  all  the  arsenic  in  the  sample,  or  to  prove  the  absence 
of  arsenic,  varies  with  the  conditions,  but  in  general  if  no  darkening  of 


-Marsh  Apparatus  lor  Arsenic. 


the  tube  occurs  after  an  hour,  the  sample  may  be  considered  free  from 
arsenic. 

Estitvation  oj  Arsenic.*— Wilh  the  aid  of  an  assay  balance  sensitive 
to  o.ooooi  gram,  it  is  jKissibte  to  weigh  with  accuracy  an  arsenic  mirror 
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is  then  cooled  and  again  weighed  on  the  assay  balance,  the  difference  in 
weight  corresponding  to  the  metallic  arsenic. 

If  the  amount  of  arsenic  is  small,  it  may  be  estimated  by  Sanger's 
method,*  which  consists  in  comparing  the  mirror  in  the  capillary  with 
a  series  of  standard  mirrors,  made  by  using  varying  measured  amounts 
of  a  standard  arsenious  oxide  solution.  This  solution  is  prepared  by 
dissolving  i  gram  of  pure  arsenious  oxide  (AsjO,)  in  water  with  the  aid  of 
arsenic-free  sodium  carbonate,  and,  after  acidification  with  dilute  sulphuric 
acid,  making  up  to  a  liter.  Ten  cc.  of  this  solution  are  measured  out 
carefully  and  made  up  to  a  liter  with  water,  the  strength  of  the  dilute 
solution  being  0.01  mgr.  to  i  cc.  One  cc,  2  cc,  3  cc,  etc,  pi  this  second' 
or  dilute  solution  are  separately  measured  into  the  Marsh  apparatus  to 
give  mirrors  corresponding  to  the  same  number  of  hundredth-milligrams.. 
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CHAPTER  V. 
THE  MICROSCOPE  IN  FOOD  ANALYSIS. 

Microscopical  vs.  Chemical  Analysis. — A  very  important  means  of 
identification  of  adulterants  in  many  classes  of  food  products  is  furnished 
by  the  microscope,  which  in  many  cases  affords  more  actual  information 
as  to  the  purity  of  food  than  can  be  obtained  by  a  chemical  analysis. 
This  is  especially  true  of  coffee,  cocoa,  and  the  spi&s,  wherein  the  micro- 
scope serves  to  reveal  not  only  the  nature  of  the  adulterants,  but  also  not 
infrequently  the  approximate  amount  of  foreign  matter  present.  In  the 
case  of  the  cereal  and  leguminous  starches  so  commonly  employed  as 
adulterants,  a  microscopical  examination  is  of  paramount  importance. 

The  chemical  constants  of  many  of  the  adulterants  of  coffee  and  the 
spices  do  not  always  diflfer  sufficiently  from  those  of  the  pure  foods  in 
which  they  appear  to  be  distinguished  therefrom  with  accuracy  and 
confidence  by  a  chemical  analysis  alone.  On  the  other  hand,  one  who 
is  familiar  with  the  appearance  under  the  microscope  of  the  pure  foods 
and  of  the  starches  and  various  ground  substances  used  as  adulterants, 
can,  with  certainty,  identify  very  minute  quantities  of  these  materials, 
when  present,  with  the  same  ease  that  one  can  recognize  megascopically 
the  most  familiar  objects  about  him. 

A  chemical  test  may,  for  example,  indicate  the  presence  of  starch, 
but  it  cannot  reveal  the  particular  kind  of  starch.  The  microscope  will 
at  once  show  whether  the  starch  present  is  wheat  or  com  or  potato  or 
arrowroot,  since  these  starches  differ  almost  as  much  in  microscopical 
appearance  as  do  the  physical  characteristics  of  the  grains  or  tubers  from 
which  they  are  obtained.  Again,  by  a  chemical  analysis  an  abnormal 
amount  of  crude  fiber  may  show  the  presence  of  a  woody  adulterant, 
but  only  the  microscope  will  enable  one  to  decide  whether  the  impurity 
consists  of  sawdust  or  ground  cocoanut  shells.  Not  only  in  such  in- 
stances as  these  is  the  microscopical  examination  of  greater  importance 
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than  a  chemical  analysis  in  establishing  ihe  purity  of  the  food,  but  it 
is  at  the  same  time  a  much  quicker  guide. 

The  Technique  of  Food  Microscopy,— The  recognition  of  adulterants 
by  the  microscope  is  not  difficult,  and  by  no  means  involves  the  labor 
and  skill  necessary  for  almost  all  other  kinds  of  histological  work.  In 
the  examination  of  cocoa,  coffee,  tea,  and  the  spices  for  adulteration,  a 
careful  study  of  the  powdered  substance  in  temporary  water  mounting 
will  in  most  cases  prove  sufficient  to  familiarize  the  food  analyst  with 
their  characteristics  under  the  microscope,  and  it  is  not  absolutely  neces- 
sary for  him  to  famiharizc  himself  with  the  details  of  section  cutting, 
dissecting,  or  permanent  mounting  unless  he  so  desires.  The  treatment 
in  detail  of  these  latter  branches  of  vegetable  histology  is  beyond  the 
scope  of  the  present  work.  For  full  information  along  these  lin'.'S  the 
reader  is  referred  especially  to  such  works  as  those  of  Behrens  *  and  of 
Zimmerman,!  together  with  the  list  of  references  on  page  86. 

Standards  for  Comparison. — For  standards  the  analyst  should  provide 
himself  with  as  complete  a  set  as  possible  of  the  various  materials  to  be 
examined,  taking  care  that  their  absolute  purity  is  established.  WTicre- 
cver  possible,  he  should  grind  the  sample  himself  from  carefully  selected 
whole  goods.  These,  together  with  samples  of  the  starches  and  other 
adulterants,  all  of  known  purity,  should  be  contained  in  small  vials  care- 
fully stoppered  and  plainly  labeled,  arranged  alphabetically  or  in  some 
equally  convenient  manner  in  the  desk  or  table  on  which  the  microscope 
is  commonly  used.  The  adulterants  included  in  this  set  of  standards 
should  be  not  only  those  which  experience  has  shown  most  liable  to  be 
employed,  but  any  which,  by  reason  of  their  character,  might  in  the 
analyst's  opinion  be  used  under  certain  conditions. 
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A  stand  of  the  so-called  continental  type  (having  the  horseshoe  base) 
is  preferable.  A  square  stage  b  rather  pore  convenient  than  the  circular 
ionn,  and  the  jointed  pillar  possesses  advantages  over  the  rigid  variety 
in  ease  of  manipulation  that  are  certainly  worth  considering. 

The  smooth  working  of  both  the  coarse  and  fine  adjustments  should 
not  be  lost  sight  of.  If  the  microscope  b  to  be  used  exclusively  for  food 
work,  a  substage  condenser  is  unnecessary,  hence  the  construction  of  the 
substage  may  be  very  simple,  unless  bacteriological  work,  is  to  be  done  as 


Fio.  33.— Conlinental  Type  of  Microscope. 

well.  The  stand  should  be  so  constructed  as  to  allow  the  analyst  to  readily 
bring  into  place  the  parts  of  a  polarizing  apparatus  and  as  quickly  to 
remove  them. 

A  nose-piece,  while  not  indispensable,  is  a  great  convenience  for  the 
quick  transfer  of  objectives,  .\  double  nose-piece  carrying  two  objectives 
is  ample  for  routine  food  work. 

The  Optical  Parts  arc  by  far  the  most  important,  and  should  be  of 
superior  quality,  though  not  necessarily  of  the  most  expensive  makers. 
The  food  analyst  should  have  at  least  two  objectives,  one  for  high-  and 
one  for  low-power  work,  and  preferably  two  oculars. 

For  the  routine  examination  of  powdered  food  substances  the  writer 
prefers  a  |-inch  objective,  used  with  a  medium  ocular,  the  combination 
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^ving  a  magni&catioa  of  from  240  to  330  diameters,  according  to  the 
ocular  employed.  For  a  low-power  objective  the  }-inch  is  a  convenieot 
grade,  which,  in  connection  with  a  low-power  eyepiece,  is  well  adapted 
for  the  examination  of  butter  and  lard,  and  for  use  with  the  polariscope. 

The  Micro-polariscope. — ^This  accessory  is  useful  in  the  identifica- 
tion of  starches  and  other  ingredients,  and  for  ascertaining  whether  01 
not  fats  have  been  crystallized.  The  most  convenient  form  is  that  in 
which  the  polarizer  is  held  below  the  stage,  while  the  analyzer  b  applied 
above  the  objective,  between  it  and  the  tube.  This  form  permits  the  use 
of  any  desired  ocular. 


Fig.  24. — Polaiizec  and  Analyzer  far  the  Microscope. 

A  common  form  of  construction  is  one  in  which  the  substagc  is  adapted 
to  carry  interchangeably  the  diaphragm  tube  and  the  polarizer.  If  the 
polariscope  is  much  used,  it  becomes  desirable  to  provide  means  for  quickly 
changing  the  polarizer  and  diaphragm  tube  below  the  stage,  and  for  moving 
the  analyzer  in  and  out  of  place  above  the  objective.  Winton  *  has  devbed 
a  microscope- stand  with  this  in  view,  especially  ailaplcd  to  the  needs  of 
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Other  useful  accessories  are  a  mechanical  stage,  a  pair  of  fine  tweezers, 
knives,  scissors,  and,  if  sections  are  to  be  cut,  a  plano-concave  razor. 

Preparation  of  Vegetable  Food  Products  for  Microscopical  Ezamina- 
tiwL — ^The  ground  spices  and  cocoas  of  commerce  are  usually  of  the 
requisite  fineness  for  direct  examination  without  further  treatment.  Coffee, 
chocolate,  starches,  and  similar  products  should  be  ground  in  a  mortar 
fine  enough  to  pass  through  a  sieve  with  from  60  to  80  meshes  to  the  inch. 

A  small  portion  of  the  powdered  sample  is  taken  up  on  the  tip  of  a 
dean,  dry  knife-blade,  and  placed  on  the  microscope-slide.  By  means 
of  a  medicine-droppei  a  drop  of  distilled  water  is  applied,  and  the  wetted 


Flo.  35, — Mechanical  Stage  for  Microscope. 


powder  b  then  rubbed  out  under  the  cover-glass  between  the  thumb  and 
finger  to  the  proper  fineness. 

The  water-mounted  slide  thus  prepared,  while  useful  only  for  tem- 
porary purposes,  has  proved  lo  be  best  adapted  to  the  analyst's  require- 
ments for  routine  microscopical  examination  of  powdered  food  products 
for  adulteration,  partly  because'  water  is  the  best  medium  in  most  cases 
for  showing  up  the  structural  characteristics  of  these  substances  and  their 
adulterants,  and  partly  because  it  serves  best  tor  the  "rubbing  out" 
process  between  thumb  and  finger  under  the  cover-glass,  whereby  the 
sample  b  brought  to  the  requbile  degree  of  fineness. 

Experience  will  soon  show  how  far  this  rubbing  out  should  be  carried 
for  the  best  effects.  Gentle  pressure  should  be  applied,  care  being  taken 
not  to  break  the  cover-glass,  especially  if  the  sample  contain  anything  of 
a  gritty  nature.     The  rubbing  should  be  continued  till  the  coarser  par- 
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tides  and  overlying  masses  are  separated  and  distributed  unifomily,  but 
if  too  long  persisted  ia,  the  forms  of  the  tissues,  starch  grains,  and  other 
characteristic  portions  will  be  partially  destroyed  and  of  too  fragmentary 
a  nature  to  be  readily  recognizable. 

Canada  Balsam  is  the  best  mountant  for  the  examination  of  starches 
under  polarized  light.  In  this  medium,  under  ordinar>-  illumination,  the 
starches  are  not  plainly  visible,  since  the  refractive  index  of  the  balsam 
is  so  near  that  of  the  starch  grains  themselves.  With  the  crossed  nicols, 
however,  the  starch  grains  stand  out  very  clearly  and  distinctly  in  a  dark 
background. 

Specimens  to  be  mounted  in  Canada  balsam  must  be  free  from 
moisture.  Dehydration  is  often  resorted  to  by  soaking  the  specimens  in 
alcohol.  Canada  balsam  in  solution  is  prepared  by  dissohing  the 
balsam  broken  into  small  pieces  or  powdered  in  a  mortar  in  an  equal 
volume  of  xylol,  filtering  and  evaporating  to  sirupy  consistency  at  room 
temperature. 

Glycerin  Jelly* — ^This  is  the  best  permanent  mountant  for  powdered 
food  substances  and  is  prepared  as  follows;  i  part  by  weight  of  the  finest 
French  gelatin  is  soaked  two  hours  in  6  parts  of  distilled  water,  after  which 
7  parts  by  weight  of  C,  P.  glycerin  are  added,  and  to  each  lOo  parts  of 
the  mixture  add  i  part  of  concentrated  carbolic  acid.  Heat  the  mixture 
while  stirring  till  flocculency  disappears  and  filter  through  asbestos  while 
warm,  the  asbestos  being  previously  washed  and  put  into  the  funnel 
while  wet.  The  jelly  is  solid  at  ordinary  temperatures,  and  must  be 
warmed  to  melt.  A  small  bit  of  this  jelly  is  removed  from  the  mass  by 
a  knife-blade  and  placed  on  the  cover-glass,  which  is  held  over  a  gas  flame 
till  the  jelly  is  melted.    The  powdered  specimen  being  then  shaken  into 
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is  but  a  mechanical  mixture  of  various  tissues,  and  that  no  two  portions 
will  show  exactly  the  same  composition. 

Characteristic  Features  of  Vegetable  Foods  under  the  Microscope. — 

The  structural  features  of  a  powdered  spice,  examined  microscopically, 
will  be  found  to  differ  considerably  in  appearance  from  those  of  a  thin, 
carefully  mounted  section  of  the  same  spice.  Instead  of  the  beautiful 
arrangement  of  cells  and  cell  contents  with  the  perfect  order  of  various 
parts  as  seen  in  the  mounted  section,  one  finds  in  the  powdered  sample 
under  the  microscope  what  often  appears  to  be  a  most  confusing  mass 
of  fragments  of  various  tissues.  For  this  reason  the  most  striking  charac- 
teristics seem  to  wsLvy  with  diflferent  obser\'ers,  and  it  is  a  wcU-knowTi 
fact  that  microscopists  differ  widely  as  to  conceptions  of  size,  shape,  and 
ordinar}'  appearance,  even  in  the  case  of  certain  of  the  well-known  starch 
grains.  It  is  on  this  account  that,  irrespective  of  the  description  of  others, 
the  analyst  should  familiarize  himself  with  the  microscopical  appearance 
of  the  foods  \sdth  which  he  is  dealing,  as  well  as  of  their  adulterants,  form- 
ing his  own  standards  as  to  what  constitute  the  recognizable  features, 
from  specimens  prepared  by  himself. 

In  the  large  variety  of  ground  berries,  buds,  tubers,  barks,  etc.,  from 
which  the  spices  and  condiments  are  prepared,  as  well  as  in  the  grains, 
legumes,  shells,  fruit  stones,  and  other  materials  forming  the  most  familiar 
adulterants,  the  kinds  of  plant  tissues  and  cell  contents  which,  under 
the  microscope,  serve  as  distinguishing  marks  or  guides  for  identification 
are  comparatively  few  in  number. 

The  most  common  of  these  varieties  of  cell  tissue  and  of  cell  contents 
to  be  met  with  by  the  food  microscopist  in  his  work  are  briefly  the  follow- 
ing: 

Parenchyma. — ^This  is  most  abundant  and  widely  distributed,  forming 
as  it  does  the  thin- walled,  cellular  tissue  of  nearly  all  vegetable  food  sub- 
stances. The  walls  of  parenchyma  cells  are,  as  a  rule,  colorless  and 
transparent.  The  forms  of  the  cells  are  varied  and  are  often  sufficiently 
characteristic  in  themselves  to  identify  the  substance  under  examination. 

Sclerenchyma,  or  stone  cells,  are  the  thick-walled  woody  cells  forming 
the  hard  part  of  nut  shells,  fruit  stones,  and  seed  coverings,  occurring  also 
in  some  fruits  and  barks.  These  cells  are  more  often  colored  and  of 
various  shapes  but  almost  always  irregular,  sometimes  elongated,  as  in 
cocoanut  shells  and  olive  stones  occasionally  nearly  rectangular,  as  in 
pepper  shells,  and  sometimes  polygonal  or  nearly  circular. 

In  appearance  the  sclerenchyma  cell  commonly  has  a  more  or  less 
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deep,  central  or  axial  rift,  from  which  small  fissures  extend  throu^  the 
thick  walls,  somewhat  suggestive  of  the  iris.    See  Fig.  37. 

Variously  shaped  sclerenchyma  cdls  are  found  in  allspice,  cassia, 


Fw.  a6. — Typical  Forms  ot  Various  Cell  Tissues.  Longitudinal  section  thixragh  a  dovst 
showing:  Pp,  Iwo  forms  of  parenchyma;  B,  bast  fibers;  ;,  vascular  and  ^ve 
tissue;    KK',  cells  with  caldum  oxalate  crystals.     (After  Vogl.) 

pepper,  clove  stems,  nut  sheik,  etc.     Stone  cells  are  optically  active  to 
polarized  light,  and  between  crossed  nicols  are  very  conspicuous  by  their 
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occurring  in  the  bark  (or  phloem),  and  the  wood  fibeis,  in  the  woody  portion 
(or  xytem)  of  flowering  plants.  Bast  fibers  are  common  in  cassia  and 
ground  bark,  and  wood  iibers  are  met  with  in  ginger  and  turmeric  and  such 
adulterants  as  sawdust. 

Corky  Tissue,  or  Suberin,  constitutes  the  thin-walled,  spongy  cells  form- 
ing the  protective,  outer  dead  layers  of  the  bark.  This  is  found  in  cassia, 
and  in  the  barks  used  as  adulterants.  Suberin  is  tested  for  by  potassium 
hydroxide  (p.  81). 

Spiral  and  Reticulated  Ducts,  and  Sieve  Tissues  of  various  forms 
(suggested  by  the  names),  occur  commonly  interspersed  among  the  paren- 
chyma and  vascular  tissue.  Notable  examples  of  them 
arc  the  spiral  ducts  found  in  chicory.  (^ 

Starch  wherever  it  occurs  furnishes  the  most  -charac- 
teristic feature  of  the  cell  contents,  and,  as  a  rule,  will  at  ^r 
once  indicate  under  the  microscope,  by  the  shape  and 
grouping  of  its  granules,  the  particular  substance  of  which 
it  forms  a  part.  It  is  very  abundantly  distributed  through 
out  the  vegetable  kingdom  and  occurs  in  a  wide  vanet)  of 
forms.  It  is  particularly  conspicuous  when  viewed  by  ^ 
polarized  light.  Between  crossed  nicols  such  starches 
as  com,  potato,  and  arrowroot  show  out  brightly  from  Fio  a8— Reticula 
a  dark  background  with  dark  crosses,  the  bars  of  which  ledDuctsotChic- 
intcrsect  at  the  hylum  of  each  granule.  When  a  selenite 
plate  is  introduced  above  the  polarizer,  a  beautiful  play  of  colors  is 
seen  with  various  starches,  a  phenomenon  which  Blyth  applies  as  a 
means  of  identification  and  classification,  but  which  more  modem  micro- 
scopists  regard  as  of  minor  importance  to  distinguishing  the  various 
starches  morphologically.  Starch  is  found  naturally  in  the  cereals,  legumes, 
and  many  vegetables.  In  cassia,  allspice,  nutmeg,  pepper,  ginger,  cocoa, 
and  turmeric.  The  cereal  and  leguminous  starches  from  their  inertness 
and  cheapness  constitute  the  most  common  aduherants  of  the  spices  and 
of  powdered  foods  in  general.  Starch  grains  arc  found  in  the  celb  of  the 
parenchyma  and  in  other  cellular  tissues.  Iodine  is  the  special  reagent 
(P-  79)- 

Gums  and  Resins  occur  in  characteristic  forms  among  the  cell  contents 
of  some  of  the  spices.  As  an  example,  the  portwine-colored  lumps  of  gum 
in  allspice  furnish  one  of  the  most  ready  means  of  recognizing  that  spice 
mtcrosa>pically.    Resin  is  tested  for  microchemically  with  alkanna  tincture 

(p.  80). 
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AUurone,  or  Protein  Grains,  occur  in  some  of  the  spices,  but  are  noi 
especially  characteristic.  They  somewhat  resemble  small  starch  grains. 
Most  varieties  of  protein  grains  are  soluble  in  water,  but  some  are  insoluble. 
The  soluble  varieties,  which  are  not  apparent  in  water-mounted  specimens, 
must  be  examined  in  absolute  alcohol,  glycerin,  or  oil.  In  leguminous 
seeds  aleurone  occurs  closely  intermingled  with  starch  in  the  same  cells, 
while  in  the  cereals  it  occupies  the  whole  cell. 

Protein  grains  are  tested  for  under  the  microscope  by  iodine  in  potas- 
sium iodide,  which  turns  them  brown  or  yellowish  brown,  and  by  Millon's 
reagent,  which  colors  them  brick  red. 

PlaiU  Crystals  are  not  uncommon  in  the  class  of  substances  which 
the  food  analyst  examines.  The  most  common  of  these  are  the  piperin 
crystals  found  in  pepper.  Needle-shaped  calcium  oxalate  crystals, 
termed  rapkides,  commonly  grouped  in  bundles,  are  found  occasionally 
in  powdered  cassia,  and  also  in  the  onion  and  the  beet. 

Crystals  of  calcium  carbonate  are  sometimes  met  with  ako,  as,  for 
example,  in  hops.  Calcium  oxalate  crystals  are  insoluble  in  acetic  acid, 
while  being  readily  soluble  in  dilute  hydrochloric.  Calcium  carbonate 
crystals  are  soluble  with  effervescence  in  both  acids.  The  acid  reagents 
are  directly  applied  to  the  sample  in  water-mount  under  the  cover-glass, 
and  the  reaction  observed  through  the  microscope. 

Fat  Glt^mles  are  of  common  occurrence  in  many  foods  and  appear  of 
various  sizes,  sometimes  large  and  conspicuous,  and  again  almost  lost 
sight  of  because  of  their  minuteness.  They  are  sometimes  colorless,  as  in 
mace,  and  sometimes  deeply  tinted,  as  in  cayenne.  Alkanna  tincture  is 
used  as  a  reagent  for  fat  (p.  80). 

Other  Cell  Contents  of  less  importance,  but  which  may  be  identi&ed  by 
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Analytical  reagents  are  applied  to  the  water-mounted  sample  by  means 
of  a  glass  rod  or  pipette,  with  which  a  drop  of  the  reagent  is  deposited 
on  the  sample  upon  the  slide,  having  previously  removed  the  cover, 
which  is  afterwards  replaced.  Or,  without  removing  the  cover-glass,,  a 
drop  of  the  reagent  is  placed  in  contact  with  one  side  of  it  on  the 
slide.  Along  the  opposite  side  of  the  cover  is  then  placed  a  piece  of  filter- 
paper.  The  latter  withdraws  by  capillary  attraction  a  portion  of  the  water 
from  under  the  cover-glass,  and  this  is  replaced  by  the  reagent,  which 
thus  intermingles  with  the  particles  of  the  substance. 

Following  is  a  brief  list  of  the  commoner  microchemical  reagents, 
together  with  their  method  of  preparation  and  chief  uses.  For  fuller 
details  in  this  branch  of  the  subject  the  reader  is  referred  to  Poulsen's 
Botanical  Microchemistr)',  translated  by  Trelease,  and  Zimmerman's 
Botanical  Microtechnique. 

A.  Analytical  Reagents. — Iodine  in  Potassium  Iodide. — ^Two  grams 
of  crystallized  potassium  iodide  arc  first  dissolved  in  loo  cc.  of  distilled 
water  and  the  solution  is  saturated  with  iodine. 

This  reagent  is  indispensable  for  the  identification  of  starch,  especially 
when  the  latter  is  present  in  minute  quantities.  Starch  granules  when 
moistened  with  water  are  turned  blue  by  iodine,  the  reaction  being  exceed- 
ingly delicate  under  the  microscope,  even  when  the  starch  granules  are 
very  minute  and  insignificant  without  the  reagent. 

Iodine  in  connection  with  sulphuric  acid  is  also  useful  in  distinguishing 
pure  cellulose  from  its  various  modifications,  such  as  lignin  and  suberin. 
For  this  purpose  the  water-mounted  sample  is  first  permeated  with  con- 
centrated sulphuric  acid,  after  which  the  iodine  reagent  is  applied,  with 
the  result  that  all  pure  cellulose  is  turned  a  deep-blue  color,  while  the 
modified  forms  of  cellulose  are  colored  yellow  or  brown.  The  cellulose 
is  first  converted  by  the  sulphuric  acid  into  a  carbohydrate  isomeric  with 
starch,  known  as  amyloid. 

Protein  grains  are  colored  brown  or  yellow  brown  by  the  action  of 
iodine. 

Chloriodide  of  Zinc. — Pure  zinc  is  dissolved  in  concentrated  hydro- 
chloric acid  to  saturation,  and  an  excess  of  zinc  added.  The  solution  is 
then  evaporated  to  about  the  consistency  of  concentrated  sulphuric  acid, 
after  which  it  is  first  saturated  with  potassium  iodide,  and  finally  with 
iodine. 

This  reagent  may  be  used  instead  of  sulphuric  acid  and  iodine  for  the 
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detection  of  cellulose,  since  the  zinc  chloride  converts  the  cellulose  into 
amyloid,  which  the  reagent  colors  blue. 

Chloriodide  of  zinc  is  useful  for  detecting  tannic  acid  in  cell  contents. 
For  this  purpose  the  above  reagent  is  much  diluted  by  the  addition  of 
a  20%  solution  of  potassium  iodide.  In  this  diluted  form,  when  applied 
to  the  sample,  a  reddish  or  violet  coloration  is  imparted  to  cell  contents 
having  tannin. 

Phenol-hydrochloric  Acid  b  prepared  by  saturating  concentrated 
hydrochloric  acid  with  the  purest  crystallized  carbolic  acid.  Wood  fiber, 
or  Ugnin,  when  treated  with  a  drop  of  this  reagent  under  the  cover-glass, 
and  exposed  for  half  a  minute  to  the  direct  sunlight,  will  be  colored  an 
intense  green,  which  quickly  fades. 

Indol. — Several  crystak  of  indol  are  freshly  dissolved  in  warm  water. 
Lignilied  cell  walls  assume  a  deep-red  color,  when  the  specimen  to  be 
examined  is  treated  first  with  a  drop  of  the  indol  reagent,  and  afterwards 
washed  with  dilute  sulphuric  acid,  i;4, 

Milton's  Reagent. — This  is  prepared  by  dissolving  metallic  mercur>' 
in  ils  weight  of  concentrated  nitric  acid,  and  diluting  with  an  equal  volume 
of  water.  This  reagent,  which  should  be  freshly  prepared,  is  of  use  in 
testing  for  protein  compounds,  which  turn  brick  red  when  treated  with  it, 
especially  on  gently  warming  the  slide. 

Tincture  oj  Alkanna. — A  70  or  80%  alcoholic  extract  of  alkanna  root, 
when  kept  in  contact  with  resins,  fixed  oils,  fats,  or  essential  oib  for  a 
short  time,  stains  these  cell  contents  a  lively  red.  The  staining  is  hastened 
by  the  aid  of  heat.  Essential  oils  and  resins  are  soluble  in  strong  alcohol, 
while  fixed  oils  and  fats  are  insoluble,  hence  the  distinction  between  these 
classes  of  cell  contents  may  be  made  by  the  appUcation  of  alcohol  to  the 
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Chhral  Hydrate. — ^A  60%  solution. 

Ammonia. — Concentrated,  or  28%  ammonia  is  commonly  used. 

Potassium  Hydroxide^  used  in  various  degrees  of  concentration,  often 
in  dilute  solution,  say  5%.  This  reagent  causes  swelling  of  the  cell  wall, 
and  acts  as  a  solvent  of  intercellular  substances  as  well  as  of  protein.  It 
bleaches  most  of  the  coloring  matters,  destroys  the  starch,  and  forms 
soluble  soaps  with  the  fats.  Potassium  hydroxide  is  also  used  in  testing 
for  suberin,  which  is  extracted  from  corky  tissue  on  boiling  with  the  reagent, 
and  appears  as  yellow  drops. 

Schnitzels  Macerating  Reagent  (concentrated  nitric  acid  and  chlorate  of 
potassium)  is  best  used  by  placing  the  powder  or  bit  of  tissue  to  be  treated 
in  a  teist-tube  with  an  equal  volume  of  potassium  chlorate  crystals,  adding 
about  2  cc.  of  concentrated  nitric  acid,  and  warming  the  tube  till  bubbles 
are  evolved  freely,  or  until  the  necessary  separation  of  cells  is  effected. 
The  sample  is  then  removed  and  washed  with  water. 

By  this  treatment,  bast  and  wood  fibers  as  well  as  stone  cells  are 
readily  separated  from  other  tissues. 

Cuprammonia  (Schweitzer's  Reagent). — ^This  is  prepared  by  adding 
slowly  a  solution  of  copper  sulphate  to  an  aqueous  solution  of  sodium 
hydroxide,  forming  a  precipitate  of  cupric  hydroxide,  which  is  separated 
by  filtration,  washed,  and  dissolved  in  concentrated  ammonia.  It  should 
be  freshly  prepared,  and  is  never  fit  for  use  unless  it  is  capable  of  immediately 
dissohing  cotton.  Indeed  its  chief  use  is  as  a  test  for  cellulose,  which  it 
readily  dissolves.  In  observing  this  reaction  under  the  microscope,  the 
powdered  specimen  under  the  cover-glass  should  be  only  slightly  damp 
before  a  drop  of  the  fresh  reagent  is  applied.  The  cell  walls  are  seen  to 
swell  up  and  gradually  become  more  and  more  indistinct,  till  they  finally 
disappear. 

Cuprammonia  is  also  used  as  a  test  for  pectose,  which  occurs  in  many 
cell  walls,  often  intermixed  with  cellulose.  When  treated  with  this  reagent, 
cellular  tissue  containing  pectose  is  acted  upon  in  such  a  manner  that 
a  delicate  framework  of  cupric  pectate  is  sometimes  left  behind,  after  the 
dissolution  of  the  cellulose  with  which  it  is  mingled.* 

Photomicrography. — The  photomicrograph  serves  as  a  simple  means 
of  keeping  permanent  records  of  unusual  forms  of  adulteration  met  with 
during  routine  examination.  Besides  this,  the  photomicrograph  has  at 
times  proved  its  usefulness  as  a  means  of  evidence  in  court,  showing  as  it 
does  with  faithfulness  the  presence  of  a  contested  adulterant.    It  is  true 

♦  Poulsen,  Botanical  Micro-chcmistiy,  p.  15. 
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that  from  an  artistic  standpoini  the  photomicrograph  of  a  powdered 
sample  is  often  disappointing,  due  to  the  fact  that  ordinarily  much  of  the 
field  is  out  of  focus,  unless  a  very  simple  homogeneous  subject  is  photo- 
graphed, as,  for  instance,  starch.  As  compared  with  the  carefully  prepared 
drawing  of  a  section,  which  is  usually  idealized,  the  photomicrograph  is 
of  course  the  more  truthful  representation. 


StraMARY    OF    MICROCHEMICAL    REACTIONS     FOR    IDENTIFYING 
CELLULAR  TISSUE  AND  CELL  CONTENTS.    BASED  ON  BEHRENS'.* 

IcidinF  in 

,,|fc, 

"if' 

Cupram- 

Hydroxide. 

IrSSd" 

Schultie-. 

CelluloK.cell  «ub«Uncp 
Li«iiin.  wool]  lubslBiit:! 
Middle    lamelU.    inler- 

Suberin.corkiuUtuicr 

Yellow 

Yellow  or 
browmih 

Blue 

Violet 
Yellow 

Yellow  to 

Yellow 
Brown 

DissolvM 
Insoluble 

Insoluble 

Diunlves 

DiHolVB 

DissolvM 

Di5»lve« 
euly 

Insoluble 
OaatAitt 

lonluble 

S 

Saponifin 

Ka 

Calcium  DxiUte  cryitals 
Caltium  curbunnte    " 

chlnrie 

,...,. 

Ferric 

ffi™ 

S^ 

Aeetie 

llillen-> 

Ijgnin.  wood  sulatan™ 

C^ 

red 

^H 

THE  MICROSCOPE  IN  FOOD  AN/ILYSIS.  83 

he  does  unconsciously,  so  that  he  does  not  realize  how  far  from  flat  the 
field  actually  is  till  he  undertakes  to  photograph  it,  when,  as  a  rule,  only 
a  small  portion  is  in  good  focus.  It  is  therefore  impossible  in  one  photo- 
graph to  show  successively  many  varied  forms  of  tissue  or  cell  contents 
in  the  powder,  but  separate  photographs  should  be  made  as  far  as  possible 
with  only  a  little  in  each.  Thus,  for  example,  with  a  composite  subject 
like  powdered  cassia  bark,  it  would  be  very  difficult  to  show  starch,  stone 
cells,  and  bast  fibers  in  one  field,  all  in  equally  good  focus,  and,  for  the  best 
results  only,  one,  or  at  most  two,  such  varied  groups  of  elements  should  be 
shown  in  one  picture. 

Appurtenances  and  Methods  of  Procedure. — The  temporary  method 
of  water-mounting  employed  by  the  analyst  in  routine  examination  pre- 
sents many  difficulties  from  a  photographic  point  of  \iew.  The  vibrating 
motion  of  the  particles  is  very  annoying,  and  some  skill  is  required  in  using 
just  the  right  amount  of  water,  in  avoiding  air-bubbles,  in  waiting  the 
requisite  amount  of  time  before  exposing  the  plate  for  the  vibratory  motion 
to  cease,  and,  on  the  other  hand,  avoiding  too  long  delay,  which  would 
result  in  the  evaporation  of  the  water,  and  the  consequent  breaking  up  of 
the  field.  In  the  writer's  experience,  however,  in  spite  of  these  difficulties, 
the  water-mounting  gives  decidedly  the  clearest  results,  and,  with  patience 
on  the  part  of  the  operator,  it  is  in  many  ways  the  most  desirable  method  of 
mounting  for  photographic  purposes.  It  is  in  fact  the  method  employed  in 
making  most  of  the  photomicrographs  of  powdered  specimens  that  appear 
in  the  plates  at  the  end  of  this  volume,  though  a  few  were  mounted  in 
glycerin  jelly,  and  the  starches  for  the  polarized-light  pictures  in  Canada 
balsam.  The  sections  of  tissues  shown  in  the  plates  were  mounted  some 
in  glycerin  and  others  in  glycerin  jelly. 

Experience  has  shown  that  two  degrees  of  magnification  well  cal- 
culated to  bring  out  the  chief  characteristics  of  the  spices  and  their  adul- 
terants in  a  photomicrograph  arc  125  and  250  diameters.  The  starches, 
which  are  the  most  common  of  any  one  class  of  adulterants,  vary'  very 
widely  in  the  size  of  their  granules.  With  these  the  larger  magnification 
of  250  has  been  found  satisfactory,  while  the  general  appearance  of  the 
composite  ground-spice  itself  under  the  microscope,  as  well  as  that  of 
such  adulterants  as  ground  bark,  sawdust,  chicory,  pea  hulls,  and  the 
like,  is  best  shown  with  the  lower  power  of  125.* 

*  The  degrees  of  magnification  adopted  in  the  originals  of  most  of  the  photomicrographs 
illustrated  in  the  accompanying  plates  arc  accordingly  125  and  250,  but  in  the  process  of 
lithographing,  the  photographs  were  slightly  reduced,  so  that  the  actual  scales  in  the  repro- 
duction are  no  and  220  respectively. 
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The  object,  mounted  in  the  manner  above  described,  is  best  examined 
when  held  in  a  mechanical  stage,  furnished  with  micrometer  adjust- 
ments, in  such  a  manner  that  a  typical  field  may  be  selected  and  held 
in  place  long  enough  to  photograph. 

The  Camera. — This  need  not  of  necessity  be  complicated,  but  may 
consist  simply  of  a  horizontal  wooden  base  on  which  the  microscope 
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The  base  is  a  solid  iron  plate  upon  which  the  microscope  rests  (any 
microscope  may  be  used  with  this  camera),  and  above  which  the  camera, 
bellows  is  supported  on  two  solid  steel  rods.  The  bellows  is  supported 
at  either  end  on  wooden  frames. 

The  ground  glass  is  provided  with  a  central  transparent  area,  formed 
by  cementmg  a  cover-glass  upon  the  ground  glass,  and  permits  the  accurate 
focusing  of  the  most  delicate  detail  by  means  of  a  hand  magnifying-glass. 
The  vertical  rods  supporting  the  bellows  are  attached  to  metal  arms, 
immovably  &xed  to  a  horizontal  axis,  thus  permitting  the  camera  to  be  tilted 


Fig.  30, — Photomicit^raphic  Camera  in  Horizontal  Po&ition 

to  any  angle  from  vertical  to  horizontal.  It  is  fixed  at  the  desired  angle  by 
means  of  heavy  hand-clamps. 

In  use  the  camera  is  placed  in  a  vertical  position  and  the  microscope 
adjusted  on  the  base  so  that  its  tube  will  coincide  with  the  opening  in 
the  front  of  the  camera.  The  connection  between  microscope  and  camera 
is  made  light-tight  by  means  of  a  double  chamber,  which  permits  consider- 
able vertical  motion  of  the  tube  of  the  microscope  without  readjustment. 
A  jointed  telescoping  rod  is  attached  to  the  upper  end  of  the  camera  to 
act  as  a  support,  giving  perfect  steadiness  when  in  a  horizontal  position, 
and  folding  down  parallel  with  the  bellows  so  as  to  be  out  of  the  way 
when  in  any  other  position. 

Amplification. — The  vertical  rods  arc  graduated  in  inches  for  deter- 
mining the  amount  of  amplification,  and  to  show  when  the  ground  glass 
is  at  right  angles  to  the  optical  axis.  The  following  simple  rule  for  deter- 
mining the  amount  of  amplification  will  give  suihcicntly  accurate  results. 
When  photographing  without  the  eyepiece,  divide  the  distance  of  the 
ground  glass  from  the  stage  of  the  microscope  in  inches,  by  the  focal  length, 
in  inches  of  the  objective  used.  When  photographing  with  the  eye- 
piece, proceed  as  above  and  multiply  the  result  by  the  quotient  obtained 
by  dividing  10  by  the  focus  in  inches  of  the  eyepiece  used. 
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Adjustment  and  Manipulation. — The  microscope  can  be  placed  in 
any  position  desired,  and  the  camera  adjusted  to  it.  The  bellows  can  then 
be  raised  and  the  microscope  used  as  though  no  camera  were  present. 
When  an  object  is  to  be  photographed,  the  bellows  may  be  slid  into  posi- 
tion without  in  any  way  disturbing  the  arrangement  of  light  or  object, 
the  final  focusing  on  the  ground  glass  being  effected  quickly  by  means  of 
the  fine  adjustment-screw  of  the  microscope.  The  exposure  having 
been  made,  observation  through  the  microscope  may  be  continued  with- 
out interruption  by  simply  raising  the  bellows  again. 

When  a  water-mounted  specimen  is  to  be  photographed,  the  camera 
and  microscope  tube  should  be  vertical  instead  of  inclined  as  shown  in 
the  cut. 

The  camera  k  best  kept  in  a  dark  room  where  the  exposures  are  to 
be  made,  the  source  of  light  being  a  i6-  or  32-candle-power  electric  lamp, 
preferably  provided  with  a  ground-glass  bulb.  The  Ught  from  this  lamp 
is  first  carefully  centered  by  moving  the  reflector  of  the  microscope. 

In  making  pictures,  for  instance,  of  the  magnification  of  250  diameters, 
the  objective,  having  an  equivalent  focus  of  i  inch,  may  be  used  in 
combination  with  the  one-inch  ocular,  with  the  ordinary  tube  length  of 
microscope.  For  a  lower  power,  such  as  125  diameters,  the  same  objec- 
tive b  employed,  but  the  eyepiece  b  left  out,  it  being  found  necessary 
in  thb  case  to  remove  the  upper  tube  of  the  microscope,  which  ordinarily 
carries  the  eyepiece,  as  otherwise  the  size  of  the  field  to  be  photographed 
would  be  restricted.  In  each  case  a  diaphragm  is  used  in  the  microscope 
stage,  having  an  opening  of  about  the  same  size  as  that  of  the  front  lens 
of  the  objective.  By  means  of  a  stage  micrometer  scale,  the  proper  posi- 
tion of  the  camera  back  is  previously  determined  to  give  the  required 
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CHAPTER  VI. 


Nature  and  Composition. — Milk  is  the  secretion  of  the  mammary 
glands  of  female  mammals  for  the  nourishment  of  their  young.  Con- 
taining as  it  does  all  the  requisites  for  a  complete  food,  i.e.,  sugar,  fat, 
proteids,  and  mineral  ingredients,  combined  in  appropriate  proportion, 
there  is  ample  reason  why  it  occupies  so  high  a  place  in  the  scale  of  human 
foods.  It  is  a  yellowish-white  opaque  fluid,  denser  than  water,  contain- 
ing incomplete  solution  the  sugar,  soluble  albumin, and  mineral  content, 
and,  in  less  complete  solution,  the  casein,  while  the  fat-globules  are  held  in 
suspension  in  the  serum,  forming  an  emulsion. 

The  specific  gravity  of  pure  milk  ranges  from  1.027  to  1.035. 

Milk  from  various  animals  has  the  same  general  physical  properties 
and  the  same  ingredients,  differing,  however,  in  percentage  composition. 
Of  all  the  varieties,  the  milk  of  the  cow  is  by  far  the  most  important  from 
its  universal  use,  and,  unless  otherwise  qualified,  the  term  milk  i^iherever 
it  occurs  in  this  volume  will  be  understood  to  mean  cow's  milk. 

Acidity. — When  perfectly  fresh,  milk  of  carnivorous  mammals  is, 
as  a  rule,  acid  in  reaction,  while  human  milk  and  that  of  the  herbivora  is 
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Color. — ^The  yellow  color  of  milk  is  imparted  to  it  by  the  fat  globules, 
and  varies  greatly  in  milk  from  different  breeds  of  cattle,  as  well  as  in 
milk  from  the  same  cow  at  different  seasons,  being,  as  a  rule,  paler  during 
the  winter  or  stall-fed  months,  and  having  its  greatest  intensity  soon  after 
the  cow  is  put  out  to  pasture. 

Milk  Sugar,  the  carbohydrate  of  milk,  is  normally  present  in  amounts 
varying  from  3  to  5  per  cent.    For  the  properties  of  milk  sugar  see  page  472. 

The  Proteids  of  Milk. — Casein  constitutes  nearly  80%  of  the  entire 
proteids  of  milk,  being  present  in  an  average  sample  to  the  extent  of  about 
3%.  It  exists  in  combination  with  calcium  phosphate,  and  probably 
does  not  form  a  perfect  solution  in  the  milk,  but  is  rather  diffused  therein 
in  a  somewhat  colloidal  form,  being  so  finely  divided,  however,  as  to  be 
incapable  of  separation  by  filtration  while  the  milk  is  fresh. 

Pure  casein  is  a  white,  odorless,  and  tasteless  solid,  sparingly  soluble 
in  water,  and  insoluble  in  ether  and  alcohol.  It  is  readily  soluble  in  dilute 
alkalies.  Strong  acids  also  dissolve  it,  but  its  character  is  changed.  From 
alkaline  solution  it  is  precipitated  without  change  by  neutralizing  with 
acid.     Its  solutions  are  laevo-rotary. 

Lact-aUmmin  is  the  soluble  albumin  of  milk,  existing  therein  to  the 
extent  of  about  0.6%  and  forming  about  15%  or  more  of  the  milk  proteids. 
It  much  resembles  the  albumin  of  eggs,  being  coagulated  at  70°  to  75°  C. 
It  is  readily  soluble  in  water.  Its  specific  rotary  power  according  to 
B^hamp  is  [a]D=  ""67.5. 

Lactoglobulin  has  been  discovered  by  Emmerling  as  a  constituent  in 
milk,  but  exists  in  traces  only.  According  to  Babcock,  it  may  be  separated 
from  milk  whey  by  carefully  neutralizing  with  sodium  hydroxide,  and 
afterwards  saturating  with  magnesium  sulphate.  It  much  resembles  the 
globulin  of  blood  serum,  being  coagulated  at  67°  to  76°  C. 

Fibrin, — Babcock  has  discovered  in  milk  very  minute  traces  of  a 
substance  analogous  to  the  fibrin  of  blood.  This  substance,  it  is  claimed, 
forms  a  part  of  the  slime  found  in  the  separator- bowl  of  a  centrifugal 
skimmer. 

Other  Nitrogenous  Substances, — Besides  the  above  normal  constituents 
of  milk,  certain  bodies  may  be  formed  by  proteolytic  action  during  fer- 
mentation, such,  for  example,  as  caseoses  and  peptones,  formed  for  the 
most  part  by  the  decomposition  of  a  part  of  the  casein.  Galactin  is  a 
gelatin-like  body  of  the  nature  of  peptone,  occurring  in  traces  in  milk. 
Besides  these,  minute  traces  of  amido-bodies,  such  as  creatin  and  urea, 
are  sometimes  present,  and  also  ammonia. 
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Milk  Fat. — Fat  forms  the  most  variable  constituent  of  milk,  being 
found  in  proportions  ranging  from  2.5  to  7  per  cent.  For  the  chemical 
composition  and  characteristics  of  milk  fats  see  Butter  (p.  431). 

The  fat  globules  are  held  in  suspension  in  the  milk  and  have  long 
been  thought  to  be  surrounded  each  by  a  thin  nitrogenous  membrane, 
kno\i'n  as  Starches  mtu^oid  proteid,  which  becomes  broken  on  churning. 
This  theory,  while  rendered  probable  by  many  of  the  phenomena 
connected  with  the  dairy,  is  by  no  means  universally  held  at  present. 

Citric  Acid  has  been  found  to  exist  in  milk,  probably  in  combina- 
tion with  certain  of  the  mineral  constituents,  being  present  to  the  extent 
of  about  0.1%. 

The  table  on  page  90  arranged  by  Babcock  shows  quite  clearly  the 
percentage  composition  of  an  average  cow's  milk. 

For  comparison  of  milk  from  different  animals  the  following  table* 
is  inserted,  showing  in  most  cases  minimmn,  maximum,  and  mean  deter^ 
minations  from  a  large  number  of  actual  analyses: 


Cow's  milk. 
Minimum. 
Maximum 
Mean. . 
Himian  milk 
Minimum. 
Maximum 
Mean. . 
Goat's  milk. 
Minimum. 
Maximum 
Mean. . 
Ewe's  milk. . 
Minimum. 
Maximum, 
Mean. . 
Mare's  milk 
Mean. 
Ass's  milk  . . 
Mean.  . 


No.  of  I    c«^»«:fi« 
Anal- 1   Specific 

yses. 


800 


200 


200 


32 


47 

5 


Gravity. 


1.0264 
1.0370 

I. 0315 

1.027 
1.032 


Water. 


80.32 
90.32 
87.27 

81.09 
91.40 
87.41 


Casein. 


1-79 
6.29 

3-02 

0.18 
1.96 
1.03 


1.0280 

1.0360 
1.0305 

82.02 

90.16 

85-71 

2.44 

3-94 
3.20 

1.0298 

1.0385 

1-0341 

74.47 

87.02 

80.82 

3-59 
S.69 
4-97 

1-0347 

90.78 

1.24 

1.036 

89.64 

0.67 

Albu- 
min. 

Total 

Pro- 

teids. 

Fat. 

0.25 
1.44 
0.53 

2.07 
6.40 

3'S5 

1.67 
6.47 

3-64 

0.32 
2.36 
1.26 

0.69 
4.70 
2.29 

1.43 
6.83 

3-78 

0.78 

3-10 

2.01 
1.09 

4.29 

7-55 
4.78 

0.83 

1-77 
1-55 

6.52 

2.81 
9.80 
6.86 

0.75 

1.99 

1. 21 

1-55 

2.22 

1.64 

Milk 
Sugar. 


2. II 
6.12 
4.^ 

3.88 
8.34 
6.21 

3-26 

5-77 
4.46 

2.76 

7-95 
4.91 

5-67 
5-99 


Ash. 


0-35 
1. 21 

0.71 


o. 
I. 
o. 


12 
90 

31 


0.39 
1.06 

0.76 

0.13 
1.72 
0.89 

0.35 
0-51 


Composition  of  the  Ash  of  Milk. — The  ash  of  milk  does  not  truly 
represent  the  mineral  content,  since,  in  the  process  of  incineration,  the 
character  of  some  of  the  constituents  is  altered  by  oxidation  and  otherwise. 

Expressed  in  parts  per  100,  the  ash  of  the  typical  milk  sample  whose 
full  analysis  is  given  on  page  90  would  be  about  as  follows: 


*  Compiled  from  Kdnig's  Chemie  der  mens.  Nahr.  u.  Genusa. 
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Potassium  oxide 25.03 

Sodium         "     10.01 

Calcium        "     30. 01 

Magnesiimi  "     2 .  42 

Iron             "     0,13 

Sulphur  trioxide 3.84 

Phosphoric  pentoxide : 34. 29 

Chlorine 14. 2S 


100,00 
Soldner  regards  the  following  as  more  nearly  representing  the  propor- 
tion in  which  the  mineral  salts  exist  in  milk; 

Per  Cent. 

Sodium  chloride,  NaCL 10,62 

Potassium  chloride,  KCL 9- 16 

Mono-potassium  phosphate,  KHjPO, 12.77 

Di-potassium  phosphate,  K,HPO^ 9.22 

Potassium  citrate,  K,{C,H(0,), 5 .  47 

Di-magnesium  phosphate,  MgHPOj 3.71 

Magnesium  citrate,  Mg,(C,HjO,)i 4.05 

Di-calcium  phosphate,  CaHPO^ 7,42 

Tri-calcium  phosphate,  Ca,(POJi 8.90 

Calcium  citrate,  Caj(C,H,0,), 23.55 

Lime,  combined  with  proteids 5.13 

100.00 
Fore  Hilk  and  Strippings. — Unless  a  portion  drawn   from  the  well- 
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The  per  cent  of  albuminoids,  sugar,  and  ash  is  nearly  the  same  in 
both  fore  milk  and  strippings. 

Colostrum. — The  milk  given  by  cows  and  other  mammals  for  two  or 
three  days  after  the  birth  of  young  is  termed  colostrum,  and  diflfers  ma- 
terially in  composition  from  normal  milk.  It  is  yellow  in  color,  of  an 
oily  consistency,  and  has  a  pungent  taste.  It  acts  as  a  purge  upon  the 
young.  Examined  under  the  microscope,  it  is  found  to  contain  large 
circular  cells  larger  than  fat  globules  and  somewhat  similar  to  blood 
corpuscles.  It  is  very  high  in  albumin,  which  seems  to  be  similar  to 
blood  albumin.  The  following  analyses  were  made  by  Engling,  showing 
the  composition  of  colostrum  from  a  cow  eight  years  old : 


Time  after  Calving. 

Immediately 

After  lo  hours 

*'  24   "  

"  48   "  

'•  72   •'  


1.068 
1.046 
1.043 
1.042 

1-035 


3-54 
4.66 

4-75 
4.21 

4.08 


Casein. 

Albu- 
min. 

\ 
Sugar. 

Ash. 

2.65 
4.28 

4.50 
3-25 
3-33 

16.56 

9-32 
6.25 

2-31 
1-03 

3.00 
1.42 
2.85 
3-46 
4.10 

1. 18 

1-55 
1.02 

0.96 

0.82 

Total 
Solids. 

26.93 
21.23 

19-37 
14.19 

n'3(> 


The  average  of  twenty-two  analyses  of  colostrum  from  different  cows 
by  Enghng  showed  total  solids  28.31,  fat  3.37,  casein  4.83,  albumin  15.85, 
sugar  2.48,  ash  1.78. 

Frozen  Milk. — Since  it  is  the  water  in  milk  that  freezes,  it  follows 
that  in  partially  frozen  milk  the  unfrozen  portion  of  the  milk,  or  that 
part  which  remains  still  liquid,  becomes  concentrated  by  the  process  of 
freezing.    This  is  borne  out  by  the  following  figures  of  Richmond:  * 

Frozen  Portion,   Unfrozen  Portion, 
Per  Cent.  Per  Cent. 

Water 96.23  85.62 

Fat 1.23  4.73 

Sugar 1 .42  4.95 

Proteids 91  3 .90 

Ash 21  .80 

Specific  gravity i  .0090  i .  0345 

Ferpientations  of  Milk. — ^These  are  due  to  the  action  of  bacteria 
of  various  kinds,  the  most  common  being  the  lactic  fermentation. 

The  Souring  of  Milk  is  caused  by  the  action  of  a  large  number  of 
species  of  acid-forming  bacteria,  chief  among  which  is  the  Bacillus  acidi 
laclici,  which  multiplies  faster  than  other  bacteria  in  raw  milk  under 

♦  Analyst,  XVIII.  p.  53. 
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favorable  conditions  of  temperature.  Part  of  the  milk  sugar  is  acted 
on  and  transformed,  first  into  dextrose  and  galactose,  the  latter  sugar 
subsequently  forming  lactic  acid,  as  follows: 

(i)      C„H„0,„H,0  =  C,H«0,+  C,HuO, 

lActow  Dextrose        GftkctoM 

(2)      C,H„0,-2C,H,0, 

GatactoAe         Lftctic  acid 

More  and  more  acid  is  formed  until  the  casein  can  no  longer  be  held 
up,  curdling  ensues,  and  the  casein  is  precipitated.  Finally,  after  a 
certain  degree  of  acidity  is  reached,  the  ferment  is  killed  and  the  action 
stops.  Other  acids  than  lactic  are  also  undoubtedly  produced,  since  a 
small  part  of  the  acid  in  sour  milk  is  found  to  be  volatile.  According 
to  Conn  *  the  volatile  acids  are  acetic  and  formic. 

Abnormal  Fermenlalion. — Through  the  agency  of  micro-organisms 
that  may  develop  under  certain  conditions,  various  changes  are  produced 
in  milk  that  to  some  extent  alter  its  character.  Thus  bilter  milk  is  some- 
times produced  as  the  result  of  some  organism  as  yet  but  little  understood. 

Occasionally  milk  is  found  possessing  a  peculiarly  thick  and  slimy 
consistency,  whereby  it  may  be  drawn  out  in  threads,  by  dipping  a  spoon 
into  the  milk  and  withdrawing  it  therefrom.  This  is  termed  ropy  milk, 
and  is  more  often  met  with  in  warm  weather.  It  is  undoubtedly  produced 
as  a  result  of  bacterial  action. 

Enzyme- jorming  Bacteria  are  not  uncommonly  developed  in  milk, 
causii^  various  proleolj^tic  changes,  whereby  the  casein  is  partially  trans- 
formed into  peptones,  cascoses,  etc. 

Chromogenic  Bacteria  are  the  agencies  that  produce  p:;culiar  pigments 
in  milk.  Thus  red  milk  is  due  to  Bacillus  erythrogenes;  yellow  milk  to 
Bacillus  xvn.\anllius:    blue  milk  to  Bacillus  cvanascnes.     The  latter  is 
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in  the  case  of  the  milk  sugar  and  the  proteids,  a  determination  of  either 
one  may  be  directly  made  (whichever  is  most  convenient),  the  other  being 
calculated  by  difference. 

When  foreign  ingredients  or  adulterants  are  present  in  milk,  special 
methods  are  employed  to  detect  them. 

Preparation  of  the  Sample. — In  piocuring  a  sample  for  analysis, 
the  greatest  care  is  necessary  to  insure  a  homogeneous  sample.  By  far 
the  best  method  in  every  case,  where  possible,  is  to  pour  the  milk  back 
and  forth  from  one  vessel  to  another  (i-e.,  pour  from  the  original  container 
into  an  empty  vessel  and  back  at  least  once).  Where 
such  procedure  is  impossible  from  the  size  of  the  con- 
tainer or  for  any  other  reason,  a  so-called  "sampler" 
should  be  used,  of  which  the  Scovell  sampling-tube 
is  a  convenient  form.  By  means  of  this,  a  small  sample 
for  analysis  representative  of  the  whole  is  obtainable, 
which  can  afterwards  be  mixed  by  pouring. 

This  instrument  consists  of  a  brass  or  copper  tube 
made  in  two  parts  which  telescope  accurately  together  as 
shown  in  Fig.  31,  the  lower  part  being  close'd  at  the 
bottom,  but  provided  with  three  or  more  lateral  slits. 
The  sampler,  drawn  out  to  its  full  length,  is  carefully 
inserted  in  the  tank  containing  the  milk  and  lowered 
to  the  bottom,  after  which  the  upper  part  is  pressed 
down  over  the  lower  so  as  to  close  the  slits,  and  the 
tube  is  then  lifted  out  of  the  tank,  containing  a  fairly 
representative  sample  of  the  milk. 

In  all  operations  to  which  a  milk  sample  is  submitted 
during  the  process  of  analysis,  it  should  invariably  be 
poured  into  a  clean  empty  vessel  and  back,  whenever  it 
has  been  at  rest  for  an  appreciable  time,  in  order  to 
insure  a  homogeneous  mixture. 

Determination  of    Specific  Gravity. — This    is    most 
readily  obtained  with  the  aid  of  a  hydrometer,  accurately 
graduated  within  the  limits  of  the  widest  possible  varia-    Fig.  31,    Fig.  3a. 
lion  in  the  specific  gravity  of  milk.     Hydrometers  for  Fig.  31.— The  Sto- 


graduatcd  variously.     One  of  the  most  convenient  forms  fic. 

of  this  instrument  is  the  Quevennc  lactometer,  graduated     venne  Laci 

from  ig^to  40°,  corresponding  to  specific  gravity  1.015  to  1.040. 
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instrument,  shown  in  Fig.  31,  has  a  thermometer  combined  mth  it,  the 
stem  containing  a  double  scale,  on  the  lower  part  of  which  the  specific 
gravity  is  read,  while  the  temperature  is  read  from  the  upper  part. 

Another  form  of  instrument  is  termed  the  New  York  Board  of  Health 
lactometer,  which  is  not  graduated  to  read  the  specific  gravity  directly,  but  - 
has  an  arbitrary  scale  divided  into  120  equal  parts,  the  zero  being  equal 
to  the  specific  gravity  of  water,  while  100  corresponds  to  a  specific  gravity 
of  1 .029.  To  convert  readings  on  the  New  York  Board  of  Health  scale 
to  Quevenne  degrees  they  must  be  multiplied  by  .29. 
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Detennination  of  Total  Solids. — For  puiposes  of  milk  analysis,  plat- 
inum dishes  are  by  far  the  most  desirable.  These,  if  made  for  the  purpose, 
should  be  of  the  shape  shown  in  Fig.  33,  measuring  about  2^  inches  in 
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Ro.  33.^Platinum  Milk  Dish, 
diameter  at  the  top,  and  2\  inches  in  diameter  at  the  bottom,  having  care- 
fully rounded  rather  than  square  edges,  and  being  \  inch  deep.  The 
bottom  is  not  perfectly  £at,  but  slightly  crowned  outward.  Such  a  dish 
will  hold  about  35  cc. 
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For  purposes  of  economy  it  is  best  to  have  these  dbhes  spun  out  with 
a  thick  bottom,  but  with  thin  sides,  not  so  thin,  however,  as  to  be  too 
readily  bent. 

If  platinum  dishes  cannot  be  afforded,  dishes  of  porcelain,  glass,  alu- 
minum, nickel,  or  even  tin  may  be  used,  but  in  all  cases  should  be  as 
thin  as  practicable. 

About  5  cc,  of  the  thoroughly  mixed  sample  of  milk  are  carefully 
transferred  by  means  of  a  pipette  to  a  tared  dish  on  the  scale-pan,  and  its 
weight  accurately  determined.  The  dish  with  its  contents  is  then  trans- 
ferred to  a  water-bath,  being  placed  over  an  opening  preferably  but  little 
smaller  than  the  diameter  of  the  bottom  of  the  dish,  so  that  as  large  a 
surface  as  possible  is  in  contact  with  the  live  steam  of  the  bath.  Here 
it  b  kept  for  at  least  two  hours,  after  which  the  dish  is  wiped  dry  white 
still  hot,  transferred  to  a  desiccator,  cooled,  and  weighed.* 

Determination  of  Ash. — The  platinum  dish  containing  the  milk  residue 
is  next  placed  upon  a  suitable  support  above  a  Bunsen  flame  (a  platinum 
triangle  or  a  ring  stand  is  con\-cnient  for  this)  and  the  residue  b  ignited  at 
a  dull-red  heat  to  a  perfectly  white  ash,  after  which  it  b  cooled  and  weighed. 

DETERKinATIOH  OF  FAT.  — The  Adams  Method.  —  Without  doubt 
the  most  accurate  method  of  fat  determination  b  the  so-called  Adams 
method.  For  thb  purpose  a  strip  of  fat-free  filter-paper  about  2I  inches 
wide  and  22  inches  long  is  rolled  into  a  coil  and  held  in  place  by  a  wire  as 
shown  in  Fig.  34. 

Schleicher  and  Schull  furnish  fat-free  strips  especially  for  thb  work, 
but  it  is  very  easy  to  prepare  the  strips  and  extract  them  with  the  Soxhlct 
apparatus. 

About  5  grams  of  milk  are  run  into  a  beaker  with  a  pipette,  and  the 
weight  of  the  beaker  and  milk  are  determined.     The  coil  is  then  intro- 


much  as  possible  of  the  milk  is  absorbed  by  the  paper.  It  is  often  possible 
to  lake  up  almost  the  last  drop  of  the  milk.  By  then  weighing  the  beaker, 
the  amount  of  milk  absorbed  by  the  coil  is  determined  by  difference,  and 
the  paper  coil  is  hung  up  and  dried,  first  in  the  air  and  then  in  the  oven, 
at  a  temperature  not  exceeding  ioo°.  Another  method  of  charging 
the  paper  coil  consbts  in  suspending  it  by  the  wire  and  gradually  deliver- 
ing upon  it  5  cc.  of  the  milk  from  a  pipette,  the  density  of 
the  milk  being  known. 

The  coil  containing  the  dried  residue  is  then  transferred 
to  the  Soxhiet  extraction  apparatus  (see  p.  57)  and  sub- 
jected to  continuous  extraction  with  anhydrous  ether  for  at 
least  two  hours,  the  receiving-flask  being  first  accurately 
weighed.  The  tared  flask  with  its  contents  is  freed  from 
all  remaining  ether,  first  on  the  water-bath  and  finally  in 
the  air-oven.  It  is  then  cooled  and  weighed,  the  increase 
in  weight  representing  the  fat  in  the  amount  of  milk  ab- 
sorbed by  the  coU.  If  there  is  any  doubt  about  all  the 
fat  having  been  extracted  at  first,  the  process  of  extraction 
may  be  continued  till  there  is  no  longer  a  gain  in  weight 
of  the  flask.  Experience  soon  shows  the  length  of  time 
necessary  for  the  complete  extraction,  which  of  course 
depends  on  the  degree  of  heat  employed,  and  the  fre- 
quency with  which  the  extracting-tubc  overflows.  Two  hours  is  aniple 
for  most  cases,  in  which  the  conditions  are  such  that  the  ether  siphons 
over  from  the  extraction-tube  ten  times  per  hour. 

Fat  Methods  Based  oit  Cebthifugal  Separation.  —  These 
methods  are  the  most  practicable  for  commercial  work  and  for  use  by 
the  public  analyst,  since  ihcy  are  much  more  rapid,  and,  if  carefully 
carried  out,  practically  as  accurate  as  the  Adams  method.  They  all 
depend  upon  ihc  use  of  a  centrifugal  machine,  having  hinged  pockets 
in  which  are  carried  graduated  bottles,  into  each  of  which  a  measured 
quantity  of  milk  is  introduced.  The  milk  is  then  subjeclcd  to  the  action 
of  a  suitable  reagent,  which  dissolves  the  casein  and  liberates  the  fat  in 
a  pure  state,  after  which,  by  whirling  at  a  high  speed,  the  pockets  are 
thrown  out  horizontally  and  the  milk  fat  driven  into  the  neck  of  each 
bottle,  where  the  amount  is  directly  read. 

Various  processes  of  this  kind,  each  having  its  own  special  adherents, 
are  in  extensive  use,  among  which  the  best  known  are  the  Babcock,  the 
Leffman  and  Beam,  the  Gerber,  and  the  Stokes. 


Fig.  34.— The 
Adams  Milk- 
tat  Coil. 


FOOD  INSPECTION  AND  ANALYSIS. 


A  r^uin£  of  these  processes,  showing  the  reagents  employed  and  other 
comparative  data,  is  thus  tabulated  by  Allen.* 


Sulphuric  acid,  volume. 

"  "      specific  gravity.  , 

Hydrochloric  acid 

Amyl  alcohol 


17-S« 
.831  »  1.834, 


The  Babcock  Process,  devised  originally  for  the  use  of  creameries 
and  dairymen,  is  now  extensively  employed  for  fat  determination  in 
the  laboratory. 

It  has  stood  the  test  of  over  ten  years'  successful  use  in  the  writer's 
hands.  During  this  time  on  various  occasions  results  as  determined 
have  been  compared  with  those  obtained  by  the  Adams  process,  and  the 
agreement  has  been  as  close  as  could  be  expected.  The  following  figures 
show  the  results  of  such  comparative  determinations  made  in  duplicate 
on  three  samples  of  milk,  viz.,  a  whole  pure  milk,  (i)  and  {2);  a  watered 
milk,  (3)  and  (4);  and  a  milk  centrifugally  skimmed,  (5)  and  (6). 


~ 
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Rg.  35- — Types  of  the  Babcock  Centrifuge   and  Appurtenances.       Hand  machine  at  tbe 
left)  steam-driven  machine  at  the  right 


Fto.   36.— Electrically-drii 
A  •beet-metal  safety-shield  (re 


ed  for  showing  the  construction)  nonnaUy  surrounds  the 
Such  a  shield  is  shown  in  Fig.  it. 
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The  ordinary  Babcock  test  bottle  is  shown  in  Fig.  37,  that  used  for 
skimmed  milk  in  Fig.  38.  The  bottles  are  graduated  with  reference  to 
using  18  grams  of  the  sample. 

Manipulation. — By  means  of  a  pipette  graduated  to  hold  17.6  cc. 
{the  average  volume  of  18  grams)  that  amount  of  the  thoroughly  mixed 
sample  of  milk  to  be  tested  is  transferred  to  a  test  bottle,  and  17.5  cc.  of 
commercial  sulphuric  acid  of  a  speci&c  gravity  of  1.82  to  1.84  are  added 
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The  Wemer-Schmidt  Method. — ^Ten  cc.  of  milk  are  introduced  by 
means  of  a  pipette  into  a  large  test-tube  of  50  cc.  capacity,  and  10  cc.  of 
concentrated  hydrochloric  acid  are  added.    The  mixture  is  shaken  and 
heated  till  the  liquid  turns  a  dark  brown,  either  by  direct  boiling  for  a 
minute  or  two,  or  by  immersing  the  tube  in  boiling  water  for  from  five  to 
ten  minutes.     The  tube  is  then  cooled  by  im- 
mersion in  cold  water,  and  30  cc.  of  washed  ether 
is  added.     The  tube  is  closed  by  a  cork  provided 
with  tubes  similar  to   a  wash-bottle,  the  larger 
tube  being  adapted  to  slide  up  and  down  in  the 
cork,  and  preferably  being  turned  up  slightly  at 
the  bottom.      The    contents    of    the    tube    are 
shaken,  the  ether  layer  allowed  to  separate,  and 
the  sliding-tube  arranged  so  that  it  terminates 
slightly  above  the   junction  of   the  two  layers. 
The  ether  is  then    blown  out   into   a  weighed 
flask.     A  second  and  a  third   portion  of  ether 
of  10  cc.  each  are  successively  shaken  with  the 
acid  liquid  and  added   to  the   contents  of   the 
weighed  flask,  from  which  the  ether  is   subse- 
quently evaporated  and  the  weight   of  the  fat 

easily  obtained.  Fio.39.-TheWemer-Schmidt 

,     -  .         1         .11    •  1  .  F*t  Apparatus. 

Instead  of  measunng  the  milk  mto  the  testmg- 
tube,  a  known  weight  of  milk  may  be  operated  on.    A  sour  milk  may  be 
readily  tested  in  this  way,  provided  it  is  previously  well  mixed. 

Determination  of  Fat  by  the  Wollny  Milk-fat  Refractometer.^ — ^This 
instrument  presents  the  same  appearance  as  the  butyro-refractometer, 
Fig.  91,  with  an  arbitrary'  scale  reading  from  o  to  100,  the  equivalent 
readings  in  indices  of  refraction  of  ihe  Wollny  instrument  varying  from 
1.3332  to  1.4220.  Exactly  30  cc.  of  the  milk  to  be  tested  are  measured 
into  the  stoppered  flask  A,  Fig.  40.  This  may  be  done  by  the  use  of 
the  automatic  pipette,  which  holds  exactly  7^  cc,  removing  four  pipettes 
full  of  the  milk.  5  is  a  numbered  tin  sampling-tube  in  which  the  milk 
sample  is  kept  for  convenience,  and  into  which  the  automatic  pipette 
readily  fits.  Having  measured  30  cc.  of  the  milk  into  the  flask  ^4,  12 
drops  of  a  solution  of  70  grams  potassium  bichromate  and  312.5  cc.  of 
stronger  ammonia  in  one  liter  of  water  may  be  added  as  a  preservative^ 


*  Milch  Zeit.,  1900,  pp.  50-53. 
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if  the  sample  is  to  be  kept  for  some  time  before  finishing  the  test.  Twelve 
drops  of  glacial  acetic  acid  are  added  to  curdle  the  milk.  The  fiask  is 
then  corked  and  shaken  for  one  to  two  minutes  in  a  mechanical  shaker, 
after  which  3  cc.  of  a  standard  alkaline  solution  are  added,  and  the  flask 
corked  and  shaken  for  ten  minutes  in  the  mechanical  shaker,  the  tempera- 
ture being  kept  at  i7.s''C.    The  standard  alkaline  solution  is  prepared 


Fro.  40. — Accessories  for  Carrying  Out  the  Wollney  Milk -fat  Process. 


by  dissolving  800  cc.  of  potassium  hydroxide  in  a  liter  of  water,  adding 
600  cc.  of  glycerin  and  200  grams  pulverized  copper  hydrate,  the  mixture 
being  allowed  to  stand  for  several  days  before  using,  shaking  at  intervals. 
Finally  6  cc.  of  water-saturated  ether  are  added  to  the  mixture  in  the 
flask,  using  for  convenience  the  automatic  pipette  fitted  in  the  corked 
bottle  as  showQ,  The  flask  is  again  shaken  for  fifteen  minutes  in  the 
mechanical  shaker,  and  whirled  for  three  minutes  in  the  centrifuge,  after 
which  a  few  drops  of  the  ether  solution  are  transferred  to  the  refractometer, 
and  the  reading  taken.  The  percentage  of  fat  is  obtained  by  means  of 
the  following  table: 
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PERCENTAGES  OF  FAT  CORRESPONDING  TO  SCALE  READINGS  ON  THE 

WOLLNY  REFRACTOMETER. 


Scale 

Ptor 

Scale 

Per 

Scale 

Per 

Scale 

Per 

Scale 

Per 

Scale 

Per 

Rftad- 

Oont 

Read- 

Cent 

Read- 

Cent 

Read- 

Cent 

Read- 

Cent 

Read- 

Cent 

inc. 

Fat. 

ing. 

Fat. 

ing. 

Fat. 

ing. 

Fat. 

ing. 

Fat. 

ing. 

Fat. 

30.0 

24.5 

0.41 

29.0 

0.87 

33-5 

1.34 

38.0 

1.85 

42.5 

2.41 

X 

6 

0.42 

I 

0.88 

6 

1.35 

I 

1.87 

6 

2.43 

a 

7 

0.43 

2 

0.89 

7 

1.36 

2 

1.88 

7 

2.44 

3 

•  ••••• 

8 

0.44 

3 

0.90 

8 

1-37 

3 

1.89 

8 

2.46 

4 

9 

0.4S 

4 

0.91 

9 

1.38 

4 

1.90 

9 

2.47 

5 

25.0 

0.46 

5 

0.92 

34.0 

1-39 

5 

1. 91 

43 -o 

2.49 

6 

0.00 

I 

0.47 

6 

0.93 

I 

1.40 

6 

1.92 

I 

2.50 

I 

O.OI 

2 

0.48 

7 

0.94 

2 

1.42 

7 

1-93 

2 

2.51 

0.02 

3 

0.49 

8 

0-95 

3 

1-43 

8 

1.94 

3 

2.52 

9 

0.03 

4 

0.50 

9 

0.96 

4 

1.44 

9 

1-95 

4 

2.54 

21. O 

0.04 

5 

0.51 

30.0 

0.97 

5 

1-45 

39 -o 

1.96 

5 

2-55 

I 

0.05 

6 

0.52 

I 

0.98 

6 

1.46 

I 

1.98 

6 

2.56 

2 

0.06 

7 

0.53 

2 

0.99 

7 

1-47 

2 

1.99 

7 

2.58 

3 

0.08 

8 

0.54 

3 

x.oo 

8 

1.48 

3 

2.00 

8 

2.60 

4 

0.09 

9 

0-5S 

4 

1. 01 

9 

1.49 

4 

2.02 

9 

2.61 

5 

O.IO 

26.0 

0.57 

5 

1.02 

35.0 

1-50 

5 

2.03 

44.0 

2.63 

6 

O.II 

I 

0.58 

6 

1-03 

I 

I-5I 

6 

2.04 

I 

2.64 

7 

0.12 

2 

0-S9 

7 

1.04 

2 

1-52 

7 

2.05 

2 

2.65 

8 

0-I3 

3 

0.60 

8 

1-05 

3 

1.54 

8 

2.07 

3 

2.67 

9 

0.14 

4 

0.61 

9 

1.06 

4 

1-55 

9 

2.08 

4 

2.68 

92. O 

o.iS 

5 

0.62 

31.0 

1.07 

5 

1.56 

40.0 

1 

2.09 

5 

2.70 

I 

0.16 

6 

0.63 

I 

1.08 

6 

1-57 

I 

2.  lb 

6 

2.71 

2 

0.17 

I 

0.64 

2 

1.09 

7 

1.58 

2 

2.12 

7 

2.72 

3 

0.18 

0.65 

3 

1. 10 

8 

1-59 

3 

2.13 

8 

2.74 

4 

0.19 

9 

0.66 

4 

I. II 

9 

1.60 

4 

2.14 

9 

2.75 

5 

0.20 

27.0 

0.67 

5 

I. 12 

36.0 

1. 61 

5 

2.15 

45 -o 

2.77 

6 

0.21 

I 

0.68 

6 

I-I3 

I 

1.62 

6 

2.16 

I 

2.78 

7 

0.22 

2 

0.69 

7 

I. 14 

2 

1.64 

7 

2.18 

2 

2.79 

8 

0.23 

3 

0.70 

8 

I-I5 

3 

1.65 

8 

2.20 

3 

2.80 

9 

0.24 

4 

0.71 

9 

1. 16 

4 

1.66 

9 

2.21 

4 

2.82 

23.0 

0.25 

5 

0.72 

32.0 

1. 17 

5 

1.67 

41.0 

2.23 

5 

2.84 

I 

0.26 

6 

0-73 

I 

1. 18 

6 

1.68 

I 

2.24 

6 

2.85 

2 

0.27 

7 

0.74 

2 

1. 19 

7 

1.69 

2 

2.25 

7 

2.87 

3 

0.28 

8 

0-75 

3 

1.20 

8 

1.70 

3 

2.26 

8 

2.88 

4 

0.29 

9 

0.76 

4 

1.22 

9 

1. 71 

4 

2.27 

9 

2.89 

5 

0.30 

28.0 

0.77 

5 

1-23 

37-0 

1.72 

5 

2.28 

46.0 

2.90 

6 

0.31 

I 

0.78 

6 

1.24 

I 

1-73 

6 

2.30 

I 

2.92 

7 

0.32 

2 

0.79 

7 

1-25 

2 

1-75 

7 

2.32 

2 

2.93 

8 

<^-ii 

3 

0.80 

8 

1.26 

3 

1.76 

8 

2.33 

3 

2-94 

9 

0.34 

4 

0.81 

9 

1.27 

4 

1.78 

9 

2.34 

4 

2.96 

24.0 

0.36 

5 

0.82 

33-0" 

1.28 

5 

1.79 

42.0 

2.35 

5  i 

2.98 

z 

0-37 

6 

0.83 

I 

1.29 

6 

1.80 

I 

2.37 

6 

3.00 

2 

0.38 

7 

0.84 

2 

1-30 

7 

1. 81 

2 

2.38 

7 

3.01 

3 

0.39 

8 

0.85 

3 

I-3I 

8 

1.82 

3 

2.39 

8 

3.02 

4 

0.40 

9 

0.86 

4 

1-32 

9 

1.84 

•4 

2.40 

9 

3-03 

S 

0.41 

29.0 

0.87 

5 

1-34 

38.0 

1.85 

5 

2.41 

47.0 

3-05 

FOOD  INSPECTION  AND  ANALYSIS. 


if  the  sample  is  to  be  kept  for  some  time  before  finishing  the  test.  Twelve 
drops  of  glacial  acetic  acid  are  added  to  curdle  the  milk.  The  flask  is 
then  corked  and  shaken  for  one  to  two  minutes  in  a  mechanical  shaker, 
after  which  3  cc  of  a  standard  alkaline  solution  are  added,  and  the  flask  - 
corked  and  shaken  for  ten  minutes  in  the  mechanical  shaker,  the  tempera- 
ture bemg  kept  at  1 7.5"  C.    The  standard  alkaline  solution  is  prepared 
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Scale       Per 

Scale 
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Per 

Scale 

Per 
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Per 
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Cent 

Read- 

Gent 

Read- 

Gent 

Read- 

Cent 

Read- 

Cent 

Read- 

Cent 

inc. 

Fat. 

ing. 

Fat. 

ing. 

Fat. 

ing. 

Fat. 

ing. 

Fat. 

ing. 

Fat. 

20. o 

24-5 

0.41 

29.0 

0.87 

33-5 

Z.34 

38-0 

1.85 

42.5 

2.4Z 

X 

6 

0.42 

Z 

0.88 

6 

1-35 

z 

Z.87 

6 

2.43 

a 

7 

0.43 

2 

0.89 

7 

1.36 

2 

Z.88 

7 

2.44 

3 

8 

0.44 

3 

0.90 

8 

1-37 

3 

Z.89 

8 

2.46 

4 

9 

0.45 

4 

0.9X 

9 

Z.38 

4 

Z.90 

9 

2.47 

5 

25-0 

0.46 

5 

0.92 

34.0 

1-39 

5 

Z.91 

43-0 

2.49 

6 

0.00 

z 

0.47 

6 

0.93 

z 

Z.40 

6 

Z.92 

z 

2.50 

I 

o.oz 

2 

0.48 

7 

0.94 

2 

Z.42 

7 

1-93 

2 

2.51 

0.02 

3 

0.49 

8 

0-95 

3 

1-43 

8 

Z.94 

3 

2.52 

9 

0.03 

4 

0.50 

9 

0.96 

4 

1.44 

9 

1-95 

4 

2.54 

21.0 

0.04 

5 

0-5I 

30.0 

0.97 

5 

1-45 

39-0 

Z.96 

5 

2.55 

I 

0.05 

6 

0.52 

z 

0.98 

6 

Z.46 

z 

Z.98 

6 

2.56 

2 

0.06 

7 

0-53 

2 

0.99 

7 

1-47 

2 

1-99 

7 

2.58 

3 

0.08 

8 

0.54 

3 

z.oo 

8 

Z.48 

3 

2.00 

8 

2.60 

4 

0.09 

9 

0-5S 

4 

z.oz 

9 

Z.49 

4 

2.02 

9 

2.61 

5 
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26.0 

0-57 

5 

Z.02 
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1.50 

5 

2.03 

44.0 

2.63 

6 

o.zx 

z 

0.58 

6 

1-03 

1 

I-51 

6 

2.04 

z 

2.64 

I 

O.Z2 

2 

0.59 

7 

Z.04 

2 

1-52 

7 

2.05 

2 

2.65 

0-13 

3 

0.60 

8 

1-05 

3 

1.54 

8 

2.07 

3 

2.67 

9 

0.14 

4 

0.61 

9 

Z.06 

4 

1-55 

9 

2.08 

4 

2.68 

a2.o 

o.iS 

5 

0.62 

31.0 

Z.07 

5 

1-56 

40.0 

2.09 

5 

2.70 

z 

0.16 

6 

0.63 

z 

Z.08 

6 
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z 

2.z6 

6 
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2 

0.17 

7 

0.64 

2 

Z.09 

I 
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2 

2.Z2 

I 

2.72 

3 

0.18 

8 

0.65 

3 
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1-59 
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0.19 

9 

0.66 

4 
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9 
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0.68 

6 
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z 
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6 
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I 
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7 
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2 
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2 
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8 

0.23 
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0.70 

8 
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3 
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9 

0.24 
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4 
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9 
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0.72 

32.0 

I.Z7 

5 

Z.67 

4Z.0 

2.23 

5 

2.84 

I 
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2 
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8 
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8 
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4 

0.29 

9 
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4 

1.22 

9 
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4 
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9 
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0.77 

5 
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z 
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I 
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2 

0.79 

7 

1-25 

2 
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2 
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3 
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8 
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9 

0.34 

4 

0.81 

9 
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4 
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0.36 

5 

0.82 
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1.28 

5 

Z.79 

42.0 
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5 

2.98 

z 

0.37 

6 

0.83 

z 

1.29 

6 

1.80 

z 

2-37 

6 

3.00 

2 

0.38 

7 

0.84 

2 

1-30 

7 

Z.81 

2 

2.38 

7 

3-01 

3 

0-39 

8 

0.85 

3 

I-3I 

8 

Z.82 

3 

2-39 

8 

3.02 

4     0.40 

9 

0.86 

4 

1-32 

9 

Z.84 
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PERCENTAGES  OF  FAT  CORRESPONDING  TO  SCALE  READINGS  ON  THE 
WOLLNY     REFRACTOMETER— (CoiMtBMrf). 
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ing. 

Fat. 
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3-OS 

S"-? 

3-S9 

S4-0 
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57-5 

4.78 

6r.o 

5.44 

64. 5 

6.14 

3.06 

6 

3-fc 

, 

4.10 

t 

4. So 

I 

5-46 

6 

ti.l6 

3.»8 

7 

3.61 

4-23 

7 

4.81 

S.4» 

7 

6.18 

3-10 

8 

363 

3 

4-»3 

8 

4.84 

3 

5-5° 

8 

6. 30 

3-" 

9 

3.64 

4 

9 

4.86 

4 

5-S" 

9 

6.31 

3-'4 

S'-o 

3.66 

S 

t>6 

58.0 

4.88 

5 

5-54 

65.0 

6.34 

3-'S 

, 

3-67 

6 

4.3S 

, 

4.90 

6 

!-S» 

I 

6.37 

3.16 

3-68 

7 

4.J9 

4.93 

I 

5-S» 

6.39 

3-17 

3 

3-70 

8 

4-S' 

3 

S-<i° 

3 

6.3. 

3.18 

i-T 

9 

4-33 

4-95 

9 

S.61 

4 

6-34 

48.0 

3-»o 

S 

3-74 

55  ■« 

4-35 

5 

4-97 

63.0 

S-'i3 

5 

6.36 

3-" 

6 

3.78 

, 

4-37 

6 

4.98 

J 

5-«S 

6 

6.38 

3-23 

7 

3-78 

4.38 

7 

S-oo 

S.66 

1 

6.4* 

3-^5 

8 

3.80 

3 

4.40 

8 

5.03 

3 

5.68 

6.4* 

3.37 

9 

3.8a 

4.41 

9 

S-04 

S-70 

9 

6.44 

3-^8 

S»-o 

3-84 

5 

4-43 

59.0 

5.06 

5 

S-73 

66.0 

6.46 

3-30 
3-31 

; 

3.85 
3-87 

6 
7 

4-44 
4.46 

\ 

S.08 
5-IO 

6 

7 
S 

5-74 
5.76 

3-33 

3 

3-89 

8 

4.48 

3 

5-" 

S-7» 

3-34 

4 

3-90 

9 

4-49 

4 

S-'3 

9 

!■«" 

49.0 

3.36 

5 

3.91 

s6.o 

4-S> 

5 

5-'S 

63.0 

s.s= 

3-38 

6 

3-93 

4.53 

6 

S-'7 

, 

5-«4 

3-40 

7 

3-95 

4-SS 

7 

5-'9 

S.S6 

3-4a 

S 

3-97 

4-57 

8 

S-M 

3 

S-»« 

3-43 
3-44 

9 

S3.0 

3-99 

\:& 

aoi 

S.14 

4 

5 

S-90 
S-9» 

6 
7 

\:% 

\ 

4-03 

4-04 

6 

7 

4.61 
4-63 

\ 

5.18 

6 
7 

^Ta 

a 

3-48 

3 

4.06 

8 

4-65 

3 

5-30 

8 

s-98 

9 

3-5° 

9 

4-67 

5-3' 

9 

3-S' 

S 

4.09 

S7-0 

4.6g 

5 

5-34 

64-0 

6.o» 

^H 
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INDICES  OF  REFRACTION  (»/))  CORRESPONDING  TO  SCALE  READINGS  O? 

THE  WOLLNY  MILK-FAT  REFRACTOMETER. 


Refrac- 

Fourth Decimal  of  nj^. 

tive 

Imkx.  1 

np. 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Scale  Readings. 

1-333 
1-334 

I 

0.0 

0. 1 

0.2 

0.3 
1.2 

0.4 

0.^ 

0.5 
1-5 

0.6 

0.7 

* '  0.8  " 

0.9 

I.O 

I.I 

1-3 

1.4 

1.6 

1-335 

1.7 

1.8 

1.9 

2.0 

2.1 

2.1 

2.2 

2.3 

2.4 

2.5 

1-336 

2.8 

2.7 

2.8 

2.9 

3.0 

3-1 

3-2 

3-3 

3.4 

3.5 

J-337 

3-6 

3.7 

3.7 

3-8 

3.9 

4.0 

4.1 

4-2 

4.3 

4-4 

1-338 

4.5 

4.6 

4.7 

4-8 

4.9 

5.0 

5.1 

5-2 

5-3 

5-4 

1-339 

5.5 

5-6 

5-7 

5.8 

5.9 

6.0 

6.1 

6.2 

6.3 

6.4 

1.340 

6.5 

6.6 

6.7 

6.8 

6.9 

6.9 

7.0 

7-1 

7.2 

7-3 

I -341 

7-4 

7.5 

7-6 

7-7 

7.8 

7.9 

8.0 

8.1 

8.2 

8.3 

1-342 

8.4 

8.5 

8.6 

8.7 

«.8 

8.9 

9.0 

9.1 

9.2 

9.3 

1-343 

9.4 

9.5 

9.6 

9-7 

9.8 

9.9 

10. 0 

10. 1 

10.2 

10.3 

1-344 

10.4 

10. 5 

10.6 

10.7 

10.8 

10.9 

II. 0 

II. I 

II. 2 

11-3 

1-345 

II. 4 

11.5 

II-5 

II. 6 

II. 7 

II. 8 

II. 9 

12.0 

12. 1 

12.2 

1-346 

12.3 

12.4 

12.5 

12.6 

12.7 

12.8 

12.9 

13-0 

13-1 

13-2 

1-347 

13.3 

13.4 

13.5 

13-6 

13.7 

13.8 

13.9 

14.0 

14. 1 

14.2 

1.348 

14.3 

14.4 

14.5 

14.6 

14.7 

14.8 

14.9 

15-0 

15.1 

15-2 

1-349 

15-3 

15-4 

15.5 

15.6 

15.7 

15-8 

15.9 

16.0 

16. 1 

16. a 

1-350 

16.3 

16.4 

16.5 

16.6 

16.7 

16.8 

16.9 

1 

1    17.0 

17. 1 

17.2 

1-351 

17.3 

17.4 

17.5 

17.6 

17-7 

17.8 

17.9 

18.0 

18. 1 

18.2 

1-352 

18.3 

18.4 

18.5 

18.6 

18.7 

18.8 

18.9 

19.0 

19. 1 

19.2 

1-353 

19.3 

19.4 

19.5 

19.6 

19.7 

19.8 

19.9 

20.0 

20.1 

20.2 

1-354 

20.3 

20.4 
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24.5 

24.6 
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.    27.6 

27-7 

27.8 

27.9 
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29.8 
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30.2 

30-3 
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31.0 
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31-3 

31-4 
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31-6 

31-7 

31.8 
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34.6 
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35.3 
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35.6 
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36.3 

36.4 

36.5 

1 

36.6 
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!     40.7 
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40.9 

41.0 
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41.1 

41.2 

41.3 

41.4 

41.5 

41.6 

1     41.8 

41.9 

42.0 

42.1 

-.375 
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42.3 

42.4 

42-5 

42.6 

42.7 

42.8 

1    42.9 

43 -o 

43-1 
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43.2 

43.3 

43.4 

43.6 

43.7 

43.8 

43-9 

1    44.0 

44.1- 

44-2 
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44.6 
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44.8 

44.9 

45 -o 
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45-2 
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1-378 

45.4 

45-6 

45-7 

45.8 

45-9 

46.0 

46.1 

46.2 

46.3 

46.4 

1-379 

46.6 

46.7 

46.8 

46.9 

47-0 

47.1 

47.2 

47-3 

47-4 

47-6 
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INDICES  OF  REFRACTION  ("d)  CORRESPONDING  TO  SCALE  READINGS  OF 
THE   WOLLNY  MILK-FAT  REFRACTOMETER— (CowttTOerf). 
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Determination  of  Proteids. — For  determination  of  the  total  nitro- 
gen in  milk,  5  cc.  are  measured  direct  into  a  Kjeldahl  digestion-flask, 
or  a  known  weight  from  a  weighing-bottle  may  be  used,  and  the  regular 
Gunning  method  is  employed  as  described  on  page  61,  proceeding  with 
the  digestion  at  once  without  evaporation. 

The  total  nitrogen,  multiplied  by  6.38,  gives  the  total  proteids.  By 
many  the  old  factor  of  6.25  is  still  employed,  but  in  view  of  the  fact  that 
both  casein  and  albmnin  have  been  found  to  contain  15.7%  of  nitrogen, 
there  would  seem  to  be  the  best  reasons  for  employing  6.38  as  a  factor 
ioo\ 

Ritthausen's  Method. — ^Ten  grams  of  milk  are  measured  into  a  beaker 
and  diluted  with  water  to  about  100  cc.  Five  cc.  of  a  solution  of  copper 
sulphate  (strength  of  Fehling's  copper  solution,  34.64  grams  CuSO^  in  500  cc. 
of  water)  are  added  and  the  mixture  stirred.  A  solution  of  sodiiun  hydrox- 
ide (25  grams  to  the  liter)  is  added  cautiously  a  little  at  a  time,  till  the 
liquid  is  nearly,  but  not  quite  neutral,  avoiding  an  excess  of  alkali,  as 
this  would  prevent  the  complete  precipitation  of  the  proteids.  Allow  the 
precipitate  to  settle,  and  pour  off  the  supernatant  liquid  through  a  weighed 
filter,  previously  dried  at  130°  C.  Wash  a  number  of  times  by  decantation, 
and  transfer  the  precipitate  to  the  filter,  being  careful  to  remove  the  por- 
tions adhering  to  the  sides  of  the  beaker  with  a  rubber-tipped  rod.  Wash 
thoroughly  with  water,  and  drain  dry,  after  which  the  precipitate  is  washed 
with  strong  alcohol,  dried,  extracted  with  ether,  preferably  in  a  Soxhlel 
extractor,  and  then  transferred  on  the  filter  to  the  oven,  dried  at  130°  C, 
and  weighed.  The  filter  and  precipitate  are  then  burnt  to  an  ash  in  a 
porcelain  crucible,  and  the  weight  of  the  residue  subtracted  from  the  first 
weight  gives  that  of  the  proteids. 

Richmond  ♦  recommends  modifying  this  process  to  the  extent  of 
neutralizing  the  milk,  using  phenolphthalein  as  an  indicator,  before  adding 
the  copper  sulphate  solution,  and  using  only  2.5  cc.  of  the  latter. 

Determination  of  Casein. — Offkial  Method  of  the  A.  O,  A.  C. — ^Ten 
grams  of  the  milk  are  placed  in  a  beaker,  and  made  up  with  water  to  about 
100  cc.  at  40°  to  42°  C.  One  and  one-half  cc.  of  a  10%  solution  (by  weight) 
of  acetic  acid  are  added,  the  mixture  stirred,  warmed  to  the  above  tem- 
perature, and  allowed  to  stand  for  from  three  to  five  minutes,  till  a  floccu- 
lent  precipitate  separates,  leaving  a  clear  supernatant  Uquid.    Decant 
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upon  a  filter,  wash  with  cold  water  two  or  three  times  hy  decaniation, 
and  finally  transfer  the  whole  of  the  precipitate  to  the  filter,  and,  after 
filtering,  wash  two  or  three  times.  The  filtrate  should  be  clear  or  nearly 
so.  If  not,  it  can  generally  be  made  so  by  repeated  filtrations,  and  the 
washing  done  afterwards.  The  filter  containing  the  washed  precipitate 
is  transferred  to  the  Kjeldahl  digestion-flask  and  the  nitrogen  obtained 
by  the  Gunning  process.     Nx6.38  =  casein. 

Provisional  Magnesium  Sulphate  Method. — ^A  solution  of  magnesium 
sulphate,  saturated  at  from  40°  to  45°,  is  prepared,  and  50  cc.  are  added 
to  5  grams  of  milk,  the  mixture  being  heated  to  about  45°  till  the  precipitate 
forms  and  settles  out,  leaving  a  clear  supernatant  Uquid.  The  liquid 
is  first  decanted  through  a  filter,  and  the  precipitate  collected  theieon  and 
washed  several  times  with  the  above  saturated  magnesium  sulphate  solu- 
tion, the  temperature  being  kept  at  about  45"  during  the  operation.  The 
precipitate,  with  filter,  is  transferred  to  a  digestion-flask,  and  the  nitrogen 
determined. 

Determination  of  Albumin. — Optional  Methods  0}  the  A.  O.  A.  C. — To 
the  filtrate  from  the  direct  determination  of  casein  by  the  magnesium 
sulphate  method  as  above  described,  or  to  the  fihrate  from  the  acetic  acid 
method  neutralized  with  sodium  hydroxide,  0.3  cc.  of  a  10%  solution 
of  acetic  acid  is  added,  and  the  mixture  is  boiled  till  the  albumin  is  com- 
pletely precipitated.  The  precipitate  b  collected  on  a  filter  and  washed, 
the  nitrogen  being  determined  in  the  precipitate,  and  the  factor  6.38* 
'  used  in  calculating  the  albumin  therefrom. 

Lehman  and  Beam's  Modified  Method  jor  Albumin  and  Casein. — Owing 
to  the  tedious  processes  of  washing  and  filtering  incidental  to  the  above 
methods  for  determining  casein,  the  following  is  suggested.     Twenty  cc.  of 
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Determination  of  Nitrogen  as  Caseoses,  Amido-compounds,  Peptones, 
and  Ammonia. — Van  Slyke*  proceeds  as  follows:  The  filtrate  from 
the  determination  of  the  albumin,  page  no,  is  heated  to  70°  C,  i  cc.  of 
50%  sulphuric  acid  is  first  added,  and  afteiwards  chemically  pure  zinc 
sulphate  to  saturation.  The  mixture  is  allowed  to  stand  at  70°  until  the 
caseoses  separate  out  and  settle.  Cool,  filter,  wash  with  a  saturated  zinc 
sulphate  solution  slightly  acidified  with  sulphuric  acid,  and  determine 
the  nitrogen  of  the  caseoses  in  the  precipitate. 

For  AmidO'CompQunds  and  Ammonia  treat  50  grams  of  the  milk  in  a 
250-cc.  graduated  flask  with  i  gram  sodium  chloride  and  a  12%  solution 
of  tannin,  added  drop  by  drop  till  no  further  precipitate  is  formed.  Dilute 
to  the  250-cc.  mark,  shake,  and  filter.  Determine  the  nitrogen  in  50  cc. 
of  the  filtrate,  the  result  being  the  combined  nitrogen  of  the  amido-com- 
pounds  and  ammonia. 

Distil  with  magnesium  oxide  100  cc.  of  the  filtrate  from  the  tannin  salt 
solution,  receiving  the  distillate  in  a  standardized  acid,  and  titrating  in 
the  usual  way  for  the  ammonia. 

Calculate  the  nitrogen  of  the  peptones  by  subtracting  from  the  total 
nitrogen  that  due  to  all  other  forms. 

Van  Slyke  has  furnished  the  following  unpublished  analysis  of  a 
sample  of  milk  three  months  old,  kept  under  antiseptic  conditions  by 
chloroform. 


Per  Cent 

Total  N. 


Per  Cent 

Sol.  Nitrogen. 


0.561 


0.099 


Per  Cent 

N  as  Paranuclein, 

Caseoses,  and 

Peptones. 


0.074 


Per  Cent 
N  as  Amides. 


0.025 


DETERMINATION  OF  MILK  SUGAR.— If  a  polariscope  is  available,  the 
sugar  of  milk  can  most  readily  and  conveniently  be  determined  by 
optical  methods.  In  the  absence  of  a  polariscope,  the  reducing  power  of 
milk  sugar  on  copper  salts  may  be  utilized  quite  accurately  in  deter- 
mining the  sugar,  using  cither  volumetric  or  gravimetric  methods  as 
desired. 

Determination  by  Optical  Methods. — Reagents. — Acid  Nitrate  0} 
Mercury. — This  solution  is  prepared  by  dissolving  metallic  mercury 
in  twice  its  weight  of  nitric  acid  of  specific  gravity  1.42,  and  adding  to 
the  solution  an  equal  volume  of  water.     One  cc.  of  this  reagent  will  be 
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found  sufficient  to  precipitate  the  proteids  and  fat  completely  from  65  grams 
of  milk,  but  if  more  b  employed  the  result  of  the  analysis  is  not  affected. 

Mercuric  Iodide  Solution. — 33.2  grams  of  potassium  iodide  are  mixed 
with  13.5  grams  of  mercuric  chloride,  20  cc.  of  acetic  acid,  and  640  cc. 
of  water, 

SuhacelaU  0}  Lead  Solution,  U.  S.  P.    See  p.  481. 

Notes. — For  the  Laurent  polariscope,  in  which  the  normal  weight 
for  sucrose  is  i6.ig  grams,  the  corresponding  normal  weight  for  lac- 
tose is  20-496,  while  for  the  Soleil-Ventzke  instrument,  in  which  the  su- 
crose normal  weight  b  26.048  grams,  the  corresponding  lactose  normal 
weight  is  32.975.* 

It  is  customary  to  employ  three  times  the  normal  weight  of  milk 
in  the  case  of  the  Laurent  instrument  (viz.,  61.48  grams)  and  twice  the 
normal  weight  in  the  case  of  the  Soleil-Ventzke  (viz.,  65.95  gi^ms). 

As  it  is  more  convenient  to  measure  the  milk  than  to  weigh  it,  and 
as  the  volume  varies  with  the  specific  gravity,  the  following  table  b  use- 
ful, showing  the  quantity  to  be  measured  in  any  case,  having  first  deter- 
mined the  specific  gravity. 


Volume  of  Milk  la  be  Used. 

For  PolariKopes  of 

For  Pollriscoma  of 

wluch  the  Sucrose 

NoniiBl  Weight  ii 

Nonnal  Weight  u 

.6.ig  Grima. 

i.on 

60.0    cc. 

64-4    CC. 

1.026 

59 -9    cc 

64.3    cc. 

..028 

SO. 8    cc 

64-  <S  cc. 

1.030 

S9-7    cc 

64.0    cc. 

1-033 

59-0    cc 

63.9    cc. 

1.034 

59 -5    « 

63.8    cc. 

'■03s 

59-35  cc. 

63.7    cc. 

^H 
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ivater.  Then  add  from  a  pipette  enough  water  to  make  up  for  the  volume 
of  the  precipitated  proteids  and  fat,  insuring  100  cc.  of  sugar  solution. 
If  the  Laurent  instrument  is  used,  the  amount  added  as  prescribed  by 
the  A.  O.  A.  C.  is  2.4  cc,  and  with  the  Soleil-Ventzke  2.6  cc.  The  con- 
tents of  the  flask  are  then  shaken  and  poured  upon  a  dry  filter.  The 
filtrate,  which  should  be  perfectly  clear,  is  polarized  in  a  2oo-nmi.  tube, 
and  the  reading,  divided  by  3  for  the  Laurent  and  by  2  for  the  Soleil- 
Ventzke,  gives  the  percentage  of  lactose  directly. 

Allowance  for  the  Volume  oj  the  Precipitate, — This  of  course  varies 
with  the  content  in  proteids  and  fat,  and  while  the  above  allowance  gives 
in  most  cases  sufficiently  close  results,  it  is  not  exact.  Lefifman  and 
Beam  *  advise  that  the  amount  of  water  to  be  added  above  100  cc.  be 
calculated  in  each  case  from  the  percentage  of  proteids  and  fat  previously 
found  by  analysis,  multiplying  the  actual  weight  of  the  fat  in  grams  in 
the  sample  taken  by  1.075,  and  the  weight  of  proteids  by  0.8,  the  sum 
of  the  two  results  being  the  volume  in  cubic  centimeters  occupied  by 
the  precipitate. 

All  the  calculations  are  avoided  by  employing  the  double-dilution 
method,  which  is  to  be  recommended  when  very  particular  results  are 
required. 

Wiley  and  Ewell's  Double-dilution  Method. f — Two  flasks  are  em- 
ployed graduated  at  100  and  200  cc.  respectively,  into  each  of  which 
are  introduced  65.95  grams  of  milk,  if  the  Soleil-Ventzke  instrument  is 
used  (or  61.48  grams  in  case  the  Laurent  is  used)  and  4  cc.  of  the  mer- 
curic nitrate  solution  are  added,  both  flasks  being  filled  to  the  mark  and 
shaken.  The  contents  are  filtered  and  the  polarization  is  made  in  each 
case  in  a  400- mm.  tube. 

The  second  reading  (that  of  the  more  dilute  solution)  is  multiplied 
by  2,  and  the  product  subtracted  from  the  first  reading;  the  remainder 
is  then  multiplied  by  2,  and  the  product  subtracted  from  the  first  read- 
ing (that  of  the  stronger  or  100  cc.  solution).  The  result  is  the  cor- 
rected reading,  which,  divided  by  4,  gives  the  exact  per  cent  of  milk  sugar 
in  the  sample.  This  method  depends  on  the  fact  that  within  ordinary 
limits  the  polarizations  of  two  solutions  of  the  same  substance  are 
inversely  proportional  to  their  volumes. 

Determination  of  Milk  Sugar  by  Feeling's  Solution.— Twenty- 
five  grams  of  the  milk  (24.2  cc.)  are  transferred  to  a  250-cc.  flask,  0.5  cc.  of 

*  Milk  and  Milk  Products,  p.  38. 

t  Wiley's  Agricultural  Analysis,  p.  278;  Analyst,  21,  1896,  p.  182. 
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a  30%  solution  of  acetic  acid  are  added  and  the  contents  well  shaken. 
After  standir^  for  a  few  minutes,  about  100  cc.  of  boiling  water  are  nm 
in,  the  contents  again  shaken,  25  cc.  of  alumina  cream  are  next  added, 
the  flask  shaken  once  more,  and  set  aside  for  at  least  ten  minutes.  The 
supernatant  liquid  b  then  poured  upon  a  previously  wetted  ribbed  filter, 
and  finally  the  whole  contents  of  the  flask  are  brought  thereon,  and  the 
filtrate  and  washings  made  up  to  250  cc.  The  filtrate  must  be  perfectly 
clear.  The  milk  sugar  in  a  solution  thus  precipitated  would  ordinarily 
not  exceed  i  of  i  per  cent. 

Volumetric  Fehling  Process. — From  a  burette  containing  the  dear 
milk  sugar  solution  above  prepared,  run  a  measured  volume  into  the 
boiling  Fehling  liquor  containing  5  cc.  each  of  copper  and  alkali  solution 
till  sufficient  has  been  introduced  to  completely  reduce  the  copper,  con- 
ducting the  operation  in  the  manner  described  in  detail  on  page  486. 

.\s  0.067  gram  of  milk  sugar  will  reduce  10  cc.  of  Fehling  solution 

(see  p.  488),  it  follows  that  the  number  of  cubic  centimeters  of  sugar- 

rontaining  solution  required   for  making  the  test  (using    preferably  the 

average    of    several   determinations)  will   contain    0.067   gram  of    milk 

sugar,  from  which  the  percentage  is  readily  computed.     Thus  if  r6  cc. 

of  the  milk  sugar  solution  are  necessary  to  reduce  the  copper,  then  16 

cc.  contain  0.067  gram  milk  sugar. 

zjocc.of  solution  contain  25giamsmilk, 

I  cc,  "       "  "      o-i     "         " 

i6cc.  "       "  "      1.6     "        " 

and   1.6  grams  milk  contain    0.067   gram  milk  sugar.      Therefore  the 

.      .067X100  p^, 

sample  contams —  =  4.19%. 
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Hon  are  added.  Then  8.8  cc.  of  half-normal  sodium  hydroxide  are  run  in, 
or  a  sufficient  quantity  to  nearly  but  not  quite  neutralize,  the  solution 
being  still  slightly  acid.  The  flask  is  filled  to  the  mark,  shaken,  and  the 
contents  filtered,  using  a  dry  filter. 

One  hundred  cc.  of  the  filtrate  are  added  to  50  cc.  of  the  mixed  Fehling 
solution,  which  is  boiled  briskly  in  a  beaker  (using  25  cc.  each  of  the 
copper  and  alkali  solution).  After  boiling  for  six  minutes,  filter  rapidly 
through  a  Gooch  crucible  provided  with  a  layer  of  asbestos  as  described  on 
page  489,  and  wash  with  boiling  water  till  free  from  alkali.  The  asbestos 
film  with  the  adhering  cuprous  oxide  is  washed  into  a  beaker  by  hot  dilute 
nitric  acid,  and  after  complete  solution  of  the  copper  is  assured,  it  is  again 
filtered  and  washed  with  hot  water  till  a  clean  solution  containing  all  the 
copper  is  obtained.  Add  10  cc.  of  dilute  sulphuric  acid  (containing  200  cc. 
of  sulphuric  acid,  specific  gravity  1.84  per  liter)  and  evaporate  on  the  steam- 
balh  till  the  copper  has  largely  crystallized,  then  carefully  continue  the 
healing  over  a  hot  plate  till  the  nitric  acid  is  driven  out,  as  evidenced  by 
the  while  fumes  of  sulphuric.  Add  8  or  10  drops  nitric  acid  (specific 
gravity  1.42)  and  rinse  into  a  very  clean  tared  platinum  dish  of  about 
100  cc.  capacity,  in  which  the  copper  is  deposited  by  electrolysis.  See 
page  493. 

The  weight  of  milk  sugar  is  determined  from  that  of  copper  found, 
from  the  table  on  page  116. 

Relation  between  Specific  Gravity,  Fat,  and  Total  Solids  of  Milk. — 
The  close  relationship  existing  between  these  factors  has  long  been 
known,  and  many  formulae  have  been  devised,  whereby,  if  two  of  them 
are  known,  the  third  may'  be  computed  with  considerable  approach  to 
accuracy.  The  specific  gravity  and  the  fat  are  very  readily  determined 
by  any  dairyman,  by  the  aid  of  a  lactometer  and  the  Babcock  apparatus. 
The  total  solids  are  ascertained  with  more  difficulty,  since  the  use  of  more 
involved  and  costly  apparatus  is  necessary,  besides  considerable  tech- 
nical skill.  It  is  therefore  common  for  producers  to  calculate  the  total 
solids  from  the  fat  and  specific  gravity,  using  one  of  the  many  tables  pre- 
pared for  the  purpose,  based  on  some  one  of  the  best  accepted  formulae. 
The  total  solids  can  thus  be  calculated  to  within  two  or  three  tenths  of 
a  per  cent. 

The  two  most  commonly  used  formulae  for  this  purpose  are  those  of 
Hehner  and  Richmond  in  England,  and  Babcock  in  the  United  States. 
Hehner  and  Richmond's  formula  is 

r  =  o.255-}-i.2F-}-o.i4, 
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SOXHLET'S  TABLE   FOR   THE   DETERMINATION   OF   LACTOSE." 
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where  T  b  the  per  cent  of  total  solids,  S  the  lactometer 
reading,  and  F  the  fat.  An  ingenious  instrument  known 
as  Richmond's  milk-scale  (Fig.  41)  is  useful  in  making 
the  calculation,  instead  of  employing  either  the  formula  or 
a  table.  This  is  constructed  on  the  principle  of  the  slide 
rule,  and  by  its  use  the  specific  gravity  may  be' corrected 
to  the  proper  temperature,  and  the  solids  calculated  from 
the  fat  and  specific  gravity. 

Babcock's  formula  for  solids  not  fat  is  as  follows: 


Solids  not  fat  = 


JOoS-FS 


iJ(roo— i'')2.5, 


Vioo-i.07S3i'5 
S  being  the  specific  gravity,  and  F  the  percentage  of 
fat.  On  this  formula  he  has  prepared  a  table  *  by  means 
of  which  one  may  calculate  solids  not  fat  agreeing  quite 
doficly  with  results  obtained  by  gravimetric  analysis-f 
The  table  on  page  1 1 8  has  been  recomputed  and  enlarged 
■from  that  of  Babcock,  so  as  to  express  results  in  total 
solids  rather  than  solids  not  fat. 

Calculation  of  Proteids. — Richmond  t  has  devised  a 
formula  for  calculating  the  proteids  from  the  fat,  specific 
gravity,  total  solids,  and  ash  of  milk  as  follows: 

P-2.8r+2.5>l -3.33^-0.7^ 

where  P  represents  the  proteids,  T  the  total  solids,  A  the 
ash,  D  the  specific  gravity,  and  G  the  "excess  density" 
(=ioooP— 1000).  The  proteids  being  thus  calculated, 
the  sugar  may  be  computed  by  difference.  The  calcu- 
lation of  the  proteids  in  this  manner  gives  at  best  only 
a  rough  approximation. 

Determination  of  Acidity. — While  mOk  b  still  fresh, 
i.e.,  before  it  has  begun  to  undergo  lactic  fermentation, 
it  will  show  an  acid  reaction,  which  is  sometimes  expressed 
in   terms   of   lactic   acid.      In    view    of    the    fact    that 

*  U.  S.  Depl.  of  Agric,  Div  of  Chem.,  Bui.  47,  p,  133.  .    :W    I 

t  For  approximate  work  Babcock  has  suggested  the  following  simpli-       ^     I 
ficd  fomiulE:  I    H     I 

SolidsnotfBt=o.35C+o.ii^aQd  tot^  aolids  — o.asC+i.aF.Gbeing  !    i.'  I 
the  Uclometcr  reftding  &nd  F  the  Tat  N  ^  I  I 

X  Analyst,  15,  p.  170.  II    I  I 
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TABLE  SHOWING  PER  CENT  OF  TOTAL  SOLIDS  IN  MILK  CORRESPONDING 
TO  QUEVENNE  LACTOMETER  READINGS*  AND  PER  CENT  OF  FAT.f 
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the  acidity  of  "sweet"  milk  is  due  partly  to  the  presence  of  acid  phos- 
phates and  partly  to  dissolved  carbonic  acid  in  the  milk,  and  not  to  lactic 
acid,  which  is  probably  absent,  a  better  plan  is  to  express  the  acidity  in 
terms  of  the  number  of  cubic  centimeters  of  tenth-normal  alkali  necessary 
to  neutralize  a  given  quantity  of  the  milk,  either  25  or  50  cc,  using  phenol- 
phthalein  as  an  indicator. 

If  it  is  desired  to  calculate  the  acidity  in  terms  of  lactic  acid,  multiply 
the  number  of  cubic  centimeters  of  tenth-normal  alkali  used  by  0.897,  and 
diWde  by  the  number  of  cubic  centimeters  of  milk  titrated,  the  result 
being  the  percentage  of  lactic  acid. 

Detection  of  Boiled  Milk. — Dupouy^s  Method. — Five  cc.  of  milk  are 
added  to  a  few  drops  of  a  freshly  prepared  solution  of  diamidobenzene 
in  water  (1:4),  and  a  little  hydrogen  dioxide  is  added.  With  raw  milk  a 
blue  coloration  will  be  apparent,  while  with  milk  that  has  been  heated  to 
79®  or  over  no  color  is  produced. 

MODIFIED  MILK. 

A  comparison  of  the  composition  of  cow's  milk  and  human  milk,  as 
in  the  following  table  by  Dr.  Emmett  Holt,  *  shows  very  marked  differ- 
ences. 

Woman's  Milk»  Cow's  Milk» 

Average.  Average. 

Fat 4.00  3.50 

Sugar 7.00  4.30 

Proteids i .  50  4 .  00 

Ash 0.20  0.70 

Water 87.30  87.50 

The  per  cent  of  fat  in  the  two  kinds  of  milk  is  nearly  the  same.  There 
is,  however,  too  little  sugar  and  an  excess  of  proteids  and  ash  in  the  milk 
of  the  cow,  assuming  human  milk  as  the  ideal  infant  food,  so  that  in 
basing  a  diet  for  infants  on  the  basis  of  human  milk  considerable  modi- 
fication is  necessary.  Moreover,  aside  from  the  actual  variation  in  the 
amount  of  ingredients,  there  are  certain  inherent  differences  in  the 
character  of  the  same  ingredient,  as  found  in  the  milk  of  the  cow  and  in 
human  milk.  The  proteids  of  cow's  milk  are,  for  instance,  found  to  be 
much  more  difficult  of  digestion  than  those  of  woman's  milk,  and  the 
same  is  probably  true  of  the  fat.    Aside  from  the  mere  statement  of  a 


♦ «« 


Infancy  and  Childhcod." 


no  FOOD  INSPECTION  AND  ANALYSIS. 

few  of  these  differences,  it  is  obviously  beyond  the  scope  of  this  work  to 
discuss  this  phase  of  the  subject  in  detail,  reference  being  made,  how- 
ever, to  such  books  as  Dr.  T.  M.  Rotch's  "  Pediatrics, "  and  "  Infancy 
and  Childhood"  by  Dr.  Emmett  Holt,  for  full  particulais.  So  great 
has  been  the  demand  by  physicians  for  "modified  milk"  for  infant 
feeding,  that  laboratories  for  this  exclusive  purpose  have  been  established 
in  many  of  the  larger  cities,  in  which  not  only  b  milk  prepared  in 
acconlance  with  certain  fixed  formulae  supposed  to  be  adapted  to  average 
infants  of  varying  a^e,  but  milk  of  any  desired  composition  is  prepared, 
in  accordance  with  special  prescriptions  of  physicians  to  apply  to  indi- 
vidual cases. 

Methods  and  Ingredients. — ^The  proteids  and  the  ash  in  cow's  milk 
are  much  higher  than  in  human  milk,  and  both  are  brought  to  the  proper 
degree  of  reduction  by  diluting  the  milk  with  water.  Milk  sugar  is 
Increased  by  the  addition  of  lactose,  and  the  fat  is  increased  or  diminbhed 
by  addition  of  cream  or  by  skimming. 

The  dilution  of  cow's  milk  with  a  measured  amount  of  water  shows 
the  following  results  on  the  proteids  and  ash: 


h— 

Diluted 
Once. 

?S-.' 

•n^'"S« 

FoS'tS-. 

0.70 

2.00 
0.35 

Per  «ni. 
1-33 
o.»3 

Percent. 

o!i8 

Pct  cent. 

The  ingredients  commonly  employed  for  modifying  milk  arc  (i)  cream, 
containing  16%  of  fat,  (2)  ccntrifugally  skimmed  milk,  otherwise  known 
as    "separator  milk"   from  which  the  fat  has  been  removed,  {3)  milk 
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Period. 

Fat. 

Proteids. 

Si]«ar. 

Third  to  fourteenth  day 

Second  to  sixth  week 

Per  cent. 

2 

a-S 

3 

3-5 

4 

3-5 

Per  cent. 

0.6 
0.8 
I.o 

1-5 

2 
2.5 

Per  cent. 
6 
6 
6 

7 
7 
3-5 

Sixth  to  eleventh  week 

EUeventh  week  to  fifth  month. . 
Fifth  to  ninth  month 

Ninth  to  twelfth  month 

Milk  according  to  the  above  formulae  can 
be  very  simply  prepared  by  the  aid  of  a  spe- 
cially made  graduate  known  as  the  "Matema" 
and  shown  in  Fig.  42. 

PREPARED  MILK    FOODS. 

Milk  Powder. — ^There  are  numerous  brands 
of  desiccated  milk  or  milk  powder  on  the 
market,  sold  in  bulk  and  by  the  can,  and  largely 
used  by  bakers.  ,  Many  of  these  purport  to 
contain  all  the  ingredients  of  milk  excepting 
water,  but  no  samples  of  desiccated  whole  milk 
have  yet  come  under  the  notice  of  the  writer. 
All  the  available  brands  examined  by  him  have 
proved  to  be  pulverized  dried  skimmed  milk, 
having  a  composition  of  which  the  following  is 
typical: 

Moisture 

Fat 

Proteids  (NX 6.25) 

Milk  sugar 

Ash 


Fig.  42.— The  "Matema" 
Graduate  for  Modifying 
Milk. 


8.16 

1-73 

33  84 

49-35 

6.87 

99-95 
This  corresponds  to  about  0.16%  fat  in  the  original  milk. 
Artificial  Albuminous  Foods. — ^The  albumin  and  casein  of  milk  have 
furnished  the  basis  of  a  variety  of  food  preparations,  some  of  which  are 
intended  for  the  use  of  invalids  and  people  of  weak  digestion,  and  others, 
from  their  compactness,  for  travellers  and  campers.  Among  these  foods 
are  the  following: 

Nuirose     This  is  a  caseinate  of  sodium  formed  by  the  action  of  the 
alkali  upon  dried  casein.    It  is  soluble  in  water. 
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Eucasin  is  a  caseinate  of  ammonium,  a  soluble  powder  somewhat 
similar  to  nutrose, 

Plastfum. — ^This  is  a  yellowish  powder,  prepared  by  treatment  with 
sodium  bicarbonate  of  the  curd  precipitated  from  skimmed  milk.  The 
compound  is  kneaded  in  an  atmosphere  of  carbon  dioxide,  and  reduced 
to  a  soluble  powder. 

The  following  analysis  of  plasmon  was  made  by  Woods  and  Merrill:  * 


Water. 

Pn>l*ldi. 

Aih.                  Fuel  Vriue. 

8.5 

7S-0 

0..      ■     1             8., 

7.4           1           .=44 

Sanose. — ^This  is  also  a  powder,  containing  80%  of  pure  casein  and 
20%  of  albumose,  obtained  from  the  white  of  egg.  The  powder  possesses 
a  slight  taste  and  an  odor  suggestive  of  milk.  By  briskly  stirring  the  powder 
with  water,  an  emulsion  may  be  made  much  resembling  milk,  but  on 
standing  it  soon  breaks  up. 

Sanatogen  is  a  grayish-white,  tasteless  powder,  containing  95%  of 
casein  and  5%  sodium  glycero-phosphate.  When  treated  with  cold 
water  it  swells,  forming  on  heating  a  milk-like  emubion. 

Eoumis  is  a  stimulating  beverage,  prepared  by  allowing  milk  to  undei^o 
alcohoUc,  lactic,  and  proteolytic  fermentations.  The  original  koumis 
was  made  by  the  Tartar  tribes  of  Asia  from  mare's  milk,  which  contains 
more  lactose  than  cow's  milk,  and  apparently  lends  itself  more  readily 
to  fermentation.  Only  a  limited  amount  of  koumis  is  now  made  from 
marc's  milk,  the  milk  chiefly  used  for  this  preparation  being  that  of  the 
cow,  treated  with  yeast  and  sometimes  added  sugar.  Koumis  is  a 
beverage  much  more  commonly  used  in  Europe  than  in  America. 
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The  proteolytic  fermentation  is  less  pronounced  in  kephir  than  in  koumis. 
Konig  gives  the  following  table  as  the  mean  of  twenty-eight  analyses: 


1 

Casein. 

I              1 

^?"    '  Albu- 
™"-        min. 

Hcmi- 
albumin. 

^^'        Fat. 
tone.    1    '^^^ 

1 
Lac-      Lactic 
tose.    1  Acid. 

Alco- 
hol. 

Ash. 

91.21     3.49 

1 

2.53 

0.36  '   0.21 

0.21 

1 
0.039  '   1.44 

2.41       1.02 

0-7S 

0.68 

ADULTERATION  OF  MILK. 

Systems  of  Milk  Inspection. — ^A  typical  method  of  general  food  inspec- 
tion has  already  been  outlined  (see  pp.  5  and  6),  which  may  easily  be  modi- 
fied to  include  the  inspection  of  milk  in  connection  with  other  foods,  or  to 
provide  for  a  system  of  milk  inspection  exclusively.  In  the  examination 
of  such  a  perishable  food  as  milk,  it  has  not  been  found  practicable  for 
the  analyst  to  reserve  for  the  benefit  of  the  defendant  a  sealed  sample, 
as  in  the  case  of  other  foods,  but  experience  has  shown  it  had  best  be  made 
the  duty  of  the  collector  or  inspector  to  give  a  sealed  sample  of  milk  to 
the  dealer,  when  the  latter  requests  it  at  the  time  of  taking  the  sample. 
For  this  purpose  the  collector  is  provided  with  small  bottles  and  sealing 
pharaphemalia,  in  addition  to  the  tagged  sample  bottles  or  cans  in  which 
he  collects  the  milk.  The  collector  should  use  the  same  precautions 
for  obtaining  a  perfectly  fair  representative  sample  as  does  the  chemist 
in  making  the  analysis,  i.e.,  he  should  carefully  pour  the  milk  from  the 
original  container  into  an  empty  can  or  vessel  and  back  again,  before 
taking  his  sample. 

Each  sample  is  properly  numbered  by  the  collector  in  presence  of  the 
dealer,  and  the  data  as  to  the  taking  of  the  sample  entered  at  once  under 
the  proper  number  in  the  collector's  book.  If  a  sealed  sample  is  given, 
it  should  bear  the  same  number  as  the  sample  reserved  for  analysis,  and 
a  receipt  should  invariably  be  required  from  the  dealer,  as  evidence  that 
his  request  for  a  sealed  sample  has  been  complied  with. 

Milk  Standards  Fixed  by  Law. — In  localities  where  a  systematic  form 
of  milk  inspection  prevails,  there  is  usually  in  force  a  statute  fixing  the 
legal  standard  for  the  total  solids,  and  in  many  cases  for  the  fat  or  for 
the  solids  exclusive  of  fat.  In  some  states  the  statute  is  so  drawn  that 
any  deviation  from  the  legal  standard  constitutes  an  adulteration  in  the 
eye  of  the  law,  and  hence  the  offender,  who  has  such  milk  in  his  possession 
with  intent  to  sell,  is  liable  to  the  same  fine  as  if  he  actually  added  water 
or  a  foreign  substance  to  the  milk. 
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In  Other  states  a  distinction  is  made  by  the  statute  between  milk  that 
is  simply  below  the  legal  standard  of  total  solids,  and  milk  containing 
actually  added  ingredients  (water  or  otherwise),  a  much  lighter  fine  being 
imposed  for  the  former  than  for  the  latter  offense.  Where  such  a  dis- 
tinction prevails,  it  often  becomes  incumbent  upon  the  analyst  to  show 
to  the  satisfaction  of  the  court,  in  case  of  milk  low  in  soUds,  whether  or 
not  the  milk  has  been  fraudulently  watered  after  being  drawn  from  the 
cow,  it  being  well  understood  that  cows  may  give  milk  below  the  standard. 

Pure  milk  that  is  low  in  solids  may  owe  its  deficiency  either  to  poor 
feeding,  or  to  an  inherent  tendency  on  the  part  of  the  cow  to  give  milk 
always  of  poor  quality.  Thus  the  Holstein  cow,  more  than  any  other 
breed,  is  open  to  the  chai^  of  sometimes  giving  milk  below  the  standard.* 
That  the  Holstein  cow  is  a  favorite  with  the  producer  b  by  no  means 
strange,  from  the  fact  that  no  other  breed  can  with  moderate  feeding 
be  made  to  give  so  large  a  quantity  of  milk. 

Wherever  there  is  a  statute  fixing  the  standard  for  milk,  it  commonly 
provides  also  that  the  addition  of  any  foreign  substance  whatsoever  con- 
stitutes an  aduheration,  and  is  not  to  be  countenanced,  in  spite  of  the  open 
question  as  to  whether  or  not  antiseptic  substances,  much  used  as  pre- 
servatives, are  or  are  not  harmful. 

U.  S.  Standards.! — Standard  milk  is  milk  containing  not  less  than 
12%  of  total  solids,  and  not  less  than  8.5%  of  sohds  not  fat,  nor  less  than 
3.25%  of  milk-fat. 

Standard  Skim-milk  is  skim-milk  containing  not  less  than  9.25%  of 
milk  soUds. 

FORHS  OF  ADDLTERATIOH. — Milk  is  ordinarily  adulterated  (i)  by 
watering,  (3)   by   skimming,  (3)   by  both   watering  and   skimming,  and 
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termed  watered,  and  in  the  other  skimmed,  using  the  terms  broadly  and 
not  necessarily  meaning  actual  and  fraudulent  tampering  with  the  milk. 
In  a  third  case,  and  almost  invariably  fraudulently,  both  watering  and 
skinmiing  may  be  found  to  have  been  practiced  on  the  same  sample. 
The  analyst  judges  which  of  these  causes  have  produced  a  milk  low  in 
soUds,  by  a  careful  study  of  the  relation  between  the  percentages  of  total 
solids,  fat,  and  solids  not  fat. 

If  both  the  total  solids  and  solids  not  fat  are  abnormally  low,  and 
the  proportion  of  fat  to  solids  not  fat  about  the  same  as,  or  higher  than, 
in  a  normal  milk,  it  is  generally  safe  to  assume  that  the  sample  has  been 
watered;  if  both  the  total  solids  and  the  fat  are  well  below  the  standard, 
and  the  solids  not  fat  nearly -normal,  then  the  milk  has  undoubtedly  been 
skimmed;  if,  in  the  third  place,  the  total  solids  and  the  solids  not  fat  are 
proportionally  reduced  below  the  standard,  while  the  ratio  of  fat  to  solids 
not  fat  is  abnormally  small,  it  is  safe  to  adjudge  the  milk  to  be  low  by 
reason  of  both  skimming  and  watering. 

Milk  of  Elnown  Purity. — It  is  difficult  to  place  the  minimum  figure 
for  total  solids,  below  which  a  milk  sample  may  safely  be  pronounced 
by  the  analyst  as  fraudulently  watered  after  having  been  drawn  from 
the  cow.  Nearly  nine  hundred  samples  of  milk  of  known  purity  from 
various  breeds  of  cow,  milked  in  the  presence  of  an  inspector,  have  been 
analyzed  in  the  Department  of  Food  and  Drug  Inspection  of  the  Massa- 
chusetts State  Board  of  Health,  extending  over  a  period  of  fifteen  years, 
and  among  these  are  many  samples  from  Hoktein  cows.  It  is  extremely 
rare  that  any  of  these  known  purity  samples  have  been  found  with  total 
solids  as  low  as  11%,  though  there  are  instances  where  total  solids  have 
run  as  low  as  10%. 

It  is  safe  to  assume  that  in  the  few  cases  on  record  showing  less  than 
10.75%  of  total  solids,  either  there  was  something  decidedly  abnormal 
about  the  health  of  the  cow,  or,  through  some  accident,  the  cow  was  only 
j)artially  milked,  it  being  a  well-known  fact  that  the  last  fraction  of  the 
milking  includes  the  larger  percentage  of  fat.     (See  page  92.) 

It  is  therefore  nearly  always  safe  to  condemn  a  milk  standing  below 
10.75  ^  fraudulently  watered,  if  at  the  same  time  it  has  a  proportionately 
high  per  cent  of  fat. 

The  average  total  solids  of  800  samples  of  milk  of  known  purity  analyzed 
by  the  Massachusetts  Board  up  to  and  including  the  year  1890  amounted 
to  about  i3i%. 

It  is  rare  indeed  to  find  a  herd  of  ten  or  more  well-fed  cows  of  mixed 
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breeds  in  which  the  average  milk  of  the  herd  falls  below  13^%  of  solids. 

The  milk  of  forty-seven  Holstein  cows,  examined  in  1885,  was  found  to 
contain  an  average  of  12.51%  of  total  sohds,  while  the  milk  of  eleven 
Jerseys  examined  in  the  same  year  averaged  14.02%  of  solids.  These 
examples  represent  the  two  extremes  commonly  met  with. 

Variation  in  Standard. — In  Massachusetts  the  law  fixes  a  different 
standard  for  total  solids  in  milk  during  the  summer,  or  pasture-fed  season, 
from  that  in  force  during  the  winter,  or  stall-fed  period.  From  April 
to  September  inclusive  the  legal  standard  is  12%  of  total  solids,  of  which 
9%  are  solids  not  fat,  and  from  October  to  March  inclusive  it  is  13%,  of 
which  9.3%  are  solids  not  fat.  Bearing  on  the  question  of  difference  In 
normal  quality  of  milk  during  the  two  periods,-  averages  were  taken  of  the 
milks  collected  by  the  corps  of  inspectors  of  the  Massachusetts  Board  of 
Health  during  a  month  in  each  period,  December  and  June  being  selected 
as  most  typical,  and  during  these  months  all  the  samples  were  analyzed 
both  for  total  solids  and  fat.  The  samples  were  taken  from  stores,  milkmen, 
and  producers,  and  represented  as  nearly  as  possible  the  milk  as  actually 
sold  to  the  consumers.  In  making  the  averages,  all  samples  of  skimmed 
milk,  as  well  as  all  samples  standing  above  17%  of  total  solids,  or  under 
10.75%,  '^^re  deducted.    The  results  are  summarized  as  follows: 
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samples  examined  for  both  months  stands  at  just  13%,  of  which  4.24%  is 
fat  and  8.76  is  solids  not  fat. 

Rapid  Approximate  Methods  of  Determining  the  Quality  of  Hilk. — 
The  Lactometer. — ^A  rough  idea  of  the  quality  of  milk  can  be  gained  by  the 
use  of  the  lactometer  (page  95),  but,  in  view  of  the  fact  that  a  low  specific 
gravity  may  be  the  result  either  of  a  watered  milk  or  of  a  milk  high  in  fat, 
good  judgment  Is  necessary  in  connection  with  its  use.  A  milk  of  good 
standard  quality  should  have  a  specific  gravity  between  the  limits  of 
1.027  and  1.033.  A.  watered  milk  would  run  below  the  former  and  a 
skimmed  milk  above  the  latter  figure,  though  a  milk  unusually  rich  in  fat 
would  also  run  low.  It  should  easily  be  apparent  from  the  taste  and  appear- 
ance of  the  milk,  whether  a  low  specific  gravity  is  due  to  watering  or 
unusual  richness  in  fat.  The  fact  should  also  be  recognized,  that  a  milk 
sample  may  be  far  below  the  standard,  and  still  show  a  specific  gravitv 
within  the  limits  of  pure  milk,  by  skillfully  subjecting  the  milk  to  both 
skimming  and  watering. 

The  Lactoscope. — Feser's  lactoscope  (Fig.  43)  gives  an  approximation  to 
the  amount  of  fat  in  milk,  and  its  use,  especially  in  connection  with  the 
lactometer,  is  of  some  value.  This  instrument  consists  of  a  graduated  glass 
barrel,  a,  into  the  bottom  of  which  is  accurately  fitted  the  stopper,  bearing 
a  white  glass  cylinder,  having  black  lines  thereon.  Four  cc.  of  milk  are 
introduced  into  the  barrel  by  means  of  a  pipette,  c,  and  water  is  added 
with  thorough  mixing  till  the  translucence  of  the  mixture  is  sufficient  to 
allow  the  black  lines  to  be  perceptible  through  it.  The  height  of  the  level 
of  milk  and  water  in  the  barrel  a  is  then  read  off,  the  number  indicating 
roughly  the  percentage  of  fat  in  the  sample. 

As  in  the  case  of  the  lactometer,  the  purity  of  a  milk  sample  cannot 
be  positively  established  by  the  lactoscope  alone.  For  instance,  a  watered 
milk  abnormally  high  in  fat  would  often  be  found  to  read  within  the  limits 
of  pure  milk,  when  as  a  matter  of  fact  its  total  solids  would  be  below  stand- 
ard. By  a  careful  comparison  of  the  readings  of  both  the  lactoscope  and 
lactometer,  however,  it  is  rare  that  a  skimmed  or  watered  sample  could 
escape  detection. 

Thus,  if  the  specific  gravity  by  the  lactometer  is  well  within  the  limits 
of  pure  milk,  and  the  fat,  as  shown  by  the  lactoscope,  is  above  2>\  P-r 
cent.,  the  sample  may  be  safely  passed  as  pure,  or  as  conforming  to  the 
standard. 

A  normal  lactometer  reading  in  connection  with  an  abnormally  law 
lactoscope  reading  shows  both  watering  and  skimming,  and  with   an 
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abnornially  high  lactoscope  reading  shows  a  milk  high  in  6it,  or  a  cream. 
With  the  lactoscope  reading  below  three,  and  a  low  lactometer  reading. 
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having  in  the  center  a  shallow  receptacle,  the  circular  rim  of  which  is  raised 
above  the  level  of  the  disk.  Into  this  receptacle  are  introduced  a  few 
drops  of  the  milk  to  be  tested,  and  a  circular  cover-glass  containing  a 
number  of  variously  tinted  segments  is  placed  over  the  receptacle,  which 
spreads  the  milk  out  into  a  thin  layer,  and  causes  it  to  assume  a  tint  against 
the  black  background  that  can  be  matched  with  one  of  the  colors  on  the 
glass,  the  various  tints  indicating  milks  of  various  grades  from  the  very 
poorest  to  rich  cream.     This  test  is  at  best  a  very  rough  one. 

Examination  of  the  Milk  Serum. — Specific  Gravity, — ^It  has  been  pro- 
posed to  calculate  the  amount  of  added  water  in  milk  from  the  specific 
gravity  of  the  milk  serum,  since  it  has  been  found  that  under  fixed  con- 
ditions the  composition  of  the  milk  serum,  or  clear  "whey,''  is  more 
constant  than  that  of  the  milk  itself.  Hence  any  considerable  amount 
of  watering  is  manifest  from  the  specific  gravity  of  the  serum. 

In  using  this  method  the  analyst  should  carefully  work  out  his  own 
standards  for  comparison,  by  personal  experiment  on  milk  of  known 
composition  to  which  varying  amounts  of  water  have  been  added,  using 
the  same  conditions  for  obtaining  the  serum  in  all  cases.  Woodman's 
method  *  is  as  follows:  To  100  cc.  of  the  milk  at  a  temperature  of  about 
20°  C.  are  added  2  cc.  of  25%  acetic  acid,  specific  gravity  1.0350,  in  a 
beaker,  and  the  beaker,  covered  with  a  watch-glass,  is  heated  in  a  water- 
bath  for  20  minutes  at  a  temperature  of  70°  C.  After  this  the  beaker  is 
placed  in  ice  water  for  10  minutes  and  the  solution  filtered.  The  specific 
gravity  of  the  clear  filtrate  is  taken  at  15°  C.  with  the  Wcstpharbalance. 

In  the  Appendix  will  be  found  a  table  showing  the  specific  gravity  of 
the  serum  of  milk  containing  varying  degrees  of  added  water,  as  well  as 
that  of  the  scrum  of  a  wide  variety  of  whole  milks. 

Immersion  Rcjractomeier. — In  the  Appendix  a  method  is  given  for  de- 
tecting added  water  in  milk  by  an  examination  of  the  serum  with  the 
Zeiss  immersion  refractometer. 

Systematic  Examination  of  Milk  for  Adulteration. — If  a  large  number 
of  samples  of  milk  have  to  be  examined  daily  for  aduheration,  it  may  be 
an  advantage  to  submit  all  to  a  preliminary  test  with  the  lactoscope  and 
lactometer,  excluding  from  further  analysis,  as  above  the  standard,  such 
samples  ys  pass  certain  prescribed  limits  which  experience  has  proved 
these  tests  to  be  capable  of  showing  to  an  experienced  obser\'er,  and 
submitting  the  remainder  to  a  chemical  analysis.  In  using  such  an  instru- 
ment as  the  lactoscope  for  this  purpose,  the  individual  element  is  a  most 

*Jour.  Am.  Chem,  Soc.,  21  (1899),  p.  503. 
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important  consideration,  and  the  use  of  this  instrument  in  the  milk  labora,- 
tory  should  be  limited  only  to  a  skillful  operator,  accustomed  to  interpret 
its  results. 

The  method  used  in  the  writer's  laboratory  has  been  to  submit  all 
samples  to  the  regular  test  for  solids,  and  such  samples  as  fall  below 
the  legal  standard  for  solids,  are  further  examined  for  fat. 

Total  Solids,  Fat,  and  Ash. — It  is  presupposed  that  the  analyst  is 

equipped  with  a  sufficient  number  of  platinum  dishes  for  the  number 

of  milk  samples  daily  analyzed.     It  is  a  convenience  to  have  these  dishes 

numbered,  and  instead  of  weighing  each  dish,  to  have  a  system  of  numbered 

counterweights  (Fig,  44)  corresponding  to  the  dishes.     The  counterweights 

in  use   by  the   author  for  this  purpose  are  easily 

/  ^^*>,^        made  from  half-inch  lead  pipe,  cut  to  the  appro- 

/  "^O       priate  length  and    flattened.      Each  weight  is  then 

carefully    adjusted    to    its    appropriate    dish,    by 

trimming  off  the  weight  with  a  knife,  or  by  adding 

bits  of  lead  scraps,  it  necessary,  by  simply  prj'ing 

—Lead  Counicr-  '^P'^'' '"  ^^^  center,  inserting  the  required  amount  of 

wtiRht    for    Platinum  scrap,  and  then  closing  by  a  blow  of  ihc  hammer, 

Di^h.      Made     (rom  (he  weight    being    plainly  numbered    before    final 

flaILnl"d''    '"''    P*P^  adjustment.     A   rack   is 'provided  by  the   side   of 

the   balance-case  (Fig.  45;)   with    slits    for   holding 

the  weights^  in  their  appropriate  places.      Such  a  set  of  counterweights 

is  not  difficult  to  make,  requires  verj'  little  care  to  keep  in  adjustmcni, 

and  is  an  immense  lalwr-saving  device. 

Details  a}  Manipulaliott. — The  following  method  of  examining  large 
numbers  of  milk  samples  is  ihc  one  in  use  in  the  laboralorj-  of  the  Massa- 


fiist  having  thoroughly  mixed  the  sample.  This  operation  is  repeated 
with  all  the  samples,  the  platinum  dishes  containing  the  weighed  amounts 
of  each  being  placed  in  succession  on  the  tray,  which  is  finally  carried  to 
the  water-bath  and  the  dishes  transferred  thereto.  The  time  required 
for  weighing  out  1 2  samples  of  milk  in  this  manner  is  about  fifteen  minutes. 
The  water- bath  is  inclosed  in  a  hood,  and  the  sEding  front  is  so  arranged 
that  it  can  be  shut  down  and  locked,  so  that  if  the  analyst  has  to  leave 
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-Set  of  Counlerwcighls  for  Numbered  Platinum  Dishes,  in  a  ConvFtiipnl  Rack. 


the  laboratorj'  during  the  three  hours  required  for  the  evaporation,  he 
can  swear  in  court  that  the  samples  could  not  be  tampered  with  during 
his  absence  (sec  page  19). 

WTien  ready  to  make  the  second  weighings  for  the  total  solids,  each 
dish  is  taken  from  contact  with  the  steam,  and,  while  still  hot,  is  wijicd 
dry  with  a  soft  towel,  till  tWeh'c  of  the  dishes  are  placed  on  the  tray, 
which  is  then  taken  to  the  balance.  Experience  has  shown  that  with 
ordinary  rapidity  in  weighing,  twelve  of  the  residues  may  be  thus  dealt 
with  at  a  time  without  the  need  of  a  desiccator,  the  gathering  of  moisture 
during  that  time  being  inappreciable,  excepting  in  vcr^-  damp  weather, 
when  a  less  number  of  dishes  should  be  removed  at  a  time  from  the  bath. 
In  making .  the  second  weighing,  and  employing  the  counterweight  as 
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before,  the  exact  net  weight  of  the  residue  is  at  once  ascertained  and 
entered  in  the  appropriate  column  in  the  note-book.  Multiplied  by 
30  it  gives  at  once  the  percentage  of  total  solids. 

It  is  a  great  saving  of  time  to  weigh  out  exactly  5  grains  as  above 
described.  The  knack  of  quickly  measuring  out  the  exact  amount  is  easily 
acquired  with  practice,  the  5-gram  weight  is  the  only  one  required  for 
the  operation  with  the  counterweight  of  the  dish,  and  the  laborious  figuring 
of  percentage  due  to  using  a  fraction  above  or  below  the  5  grams  of  milk 
is  avoided. 

Such  samples  as  arc  found  to  stand  below  the  standard  of  total  solids 
are  further  examined  for  fat  by  the  Babcock  process  (p.  100),  entering 
the  number  of  the  fat  bottle  in  the  note-book  in  the  appropriate  column, 
and  subsequently  the  percentage  of  fat. 

Ordinarily  the  specific  gravity  is  not  determined,  excepting  in  some 
cases  of  badly  watered  milk,  when,  for  purposes  of  a  check,  it  is  customary" 
to  take  the  specific  gravity,  and  calculate  the  solids  from  the  gravity  and 
the  fat  by  Babcock's  formula  (p.  89),  or  the  Richmond  sliding  scale,  and 
compare  the  result  with  the  figure  directly  determined. 

The  ash  is  rarely  weighed  except  in  special  cases. 

The  dishes  containing  the  dry  residues  arc  easily  cleaned  by  first 
burning  to  an  ash  and  cooling,  after  which  they  are  treated  successively 
with  strong  nitric  acid,  which  is  poured  from  one  to  another,  the  dishes 
being  rinsed  thoroughly  with  water  and  finally  heated  to  redness. 

A  convenient  device  for  ashing  a  large  number  of  residues  for  purposes 
of  cleaning  the  platinum  dishes  and  for  final  heating  is  the  incinerator 
6hown  in  Fig.  47,  made  of  Russia  iron. 


Flo.  47.— A  Sheet-metal  Incinerator,  SpedftUy  Uxful  for  Ashing  Milk  Retlduet. 


ADDED  FOKEIGK  INGBEDtENTS. 


Passing  over  such  mythical  and  impossible  adulterants  as  chalk,  and 
the   ahnost  as  rarely  used   substances  calves'  brains,  starch,  glycerin, 
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sugar,  etc.,  often  discussed  in  manuals  on  milk,  but  with  few  authentic 
instances  of  their  actual  occurrence,  the  commonly  found  adulterants 
may  be  divided  into  two  classes:  coloring  matters  and  preservatives. 

The  coloring  matters  almost  exclusively  used  are  annatto,  azo-colors, 
and  caramel.  The  preservatives  commonly  met  with  are  formaldehyde, 
boric  acid,  borax,  and  sodium  bicarbonate.  Rarely  salicylic  and  benzoic 
acids  are  found. 

COLORiiTG  Hatters. — While  it  is  more  often  true  that  an  artificially 
colored  milk  is  also  found  to  be  watered,  the  coloring  being  added  to 
covet  up  evidence  of  the  watering,  it  b  not  uncommon  to  find  added 
coloring  matter  in  milk  above  the  standard.* 

About  95%  of  the  milks  found  colored  in  Massachusetts  show  on 
analysis  the  fraudulent  addition  of  water. 

Statistics  of  the  Massachusetts  State  Board  of  Health  show  that  out 
of  48,000  samples  of  milk  collected  throughout  the  state  and  analyzed 
during  nine  years  (from  1894  to  1902  inclusive)  342  samples  or  0.7% 
were  found  to  contain  foreign  coloring  matter.  Of  these  samples,  about 
67%  contained  annatto,  approximately  30%  were  found  with  an  azo- 
dye,  and  about  3%  with  caramel. 

Until  comparatively  recently  annatto  was  employed  almost  exclu- 
sively for  this  purpose.  Caramel  is  least  desirable  of  all  the  above  colors 
from  the  point  of  view  of  the  milk -dealer,  in  that  it  is  difficult  to  imitate 
■with  it  the  natural  color  of  milk,  by  reason  of  the  fact  that  the  caramel 
color  has  too  much  of  the  brown  and  too  little  of  the  yellow  in  its  com- 
position. Annatto,  on  the  other  hand,  when  judiciously  used  and  with 
the  right  dilution,  gives  a  very  rich,  creamy  appearance  to  the  milk,  even 
when  watered,  which  accounts  for  its  popularity  as  a  milk  adulterant. 
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sufficient  to  direct  the  attention  of  the  analyst  to  an  artificially  colored 
milk,  in  the  course  of  handling  a  large  number  of  samples. 

Nature  of  Annatto. — ^Annatto,  amatto,  or  annotto  is  a  reddish-yellow 
coloring  matter,  derjved  from  the  pulp  inclosing  the  seeds  of  the  Bixa 
orellana,  a  shrub  indigenous  to  South  America  and  the  West  Indies. 

A  solution  of  the  coloring  matter  in  weak  alkali  is  the  form  usually 
employed  in  milk. 

Nature  of  "Anilin  Orange." — Of  the  coal-tar  colors  employed  for 
coloring  milk,  the  azo-dyes  arc  best  adapted  for  this  purpose  and  are 
most  used.  A  few  samples  of  these  commercial  **milk  improvers"  have 
fallen  into  the  hands  of  the  Department  of  Food  and  Drug  Inspection 
of  the  Massachusetts  Board  of  Health,  and  have  proved,  on  examination, 
to  be  mixtures  of  two  or  more  members  of  the  diazo-compounds  of  anilin. 
A  mixture  of  what  is  known  to  the  trade  as  "Orange  G"  and  '*Fast  Yel- 
low" gives  a  color  which  is  practically  identical  with  one  of  these  prep- 
arations, secured  from  a  milk-dealer  and  formerly  used  by  him. 

For  purposes  of  prosecution  or  otherwise,  it  is  obviously  best  in  our 
present  knowledge  of  the  subject  to  adopt  a  generic  name  such  as  "a 
coal-tar  dye"  or  "anilin  orange"*  to  designate  this  class  of  coloring 
matters  in  milk,  rather  than  to  particularize. 

Systematic  Examination  of  Milk  for  Color. — ^The  general  scheme 
employed  by  the  writer  for  the  examination  of  milk  samples  suspected 
of  being  colored  is  as  follows :  t  About  1 50  cc.  of  the  milk  are  curdled  by 
the  aid  of  heat  and  acetic  acid,  preferably  in  a  porcelain  casserole  over 
a  Bunsen  flame.  By  the  aid  of  a  stirring-rod,  the  curd  can  nearly  always 
be  gathered  into  one  mass,  which  is  much  the  easiest  method  of  separa- 
tion, the  whey  being  simply  poured  off.  If,  however,  the  curd  is  too 
finely  divided  in  the  whey,  the  separation  is  effected  by  straining  through 
a  sieve  or  colander.  All  of  the  annatto,  or  of  the  coal-tar  dye  present 
in  the  milk  treated  would  be  found  in  the  curd,  and  part  of  the  caramel. 
The  curd,  pressed  free  from  adhering  liquid,  is  picked  apart,  if  nccessar)', 
and  shaken  wnth  ether  in  a  corked  flask,  in  which  it  is  allowed  to  soak 
for  several  hours,  or  until  the  fat  has  been  extracted,  and  with  it  the 
annatto.  If  the  milk  is  uncolored,  or  has  been  colored  with  annatto, 
on  pouring  off  the  ether  the  curd  should  be  left  perfectly  white.    If,  on 


♦  The  term  "anilin  orange"  has  been  so  commonly  applied  during  the  last  eight  years 
to  any  color  or  mixture  of  colors  of  this  class  in  complaints  in  the  Massachusetts  courts, 
to  have  acquired  a  special  meaning  {K*rfectly  well  understood. 

t  Jour.  Am.  Chem.  Soc.,  22,  1900,  p.  207. 
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the  Other  hand,  anilin  orange  or  caramel  has  been  used,  after  pouring 
off  the  ether  the  curd  will  be  colored  more  or  less  deeply,  depending  on 
the  amount  of  color  employed.  In  other  words,  of  the  three  colors, 
annatto,  caramel,  and  anilin  orange,  the  annatto  only  is  extracted  by 
ether.  If  caramel  has  been  used,  the  curd  will  have  a  brown  color  at 
this  stage;  if  anilin  orange,  the  color  of  the  curd  will  be  a  more  or  less 
bright  orange. 

Tests  for  Annatto.— The  ether  extract,  containing  the  fat  and  the 
annatto,  if  present,  is  evaporated  on  the  water-bath,  the  residue  is  made 
alkaline  with  sodium  hydroxide,  and  poured  upon  a  small,  wet  filter, 
which  will  hold  back  the  fat,  and,  as  the  fihrate  passes  through,  will  allow 
the  annatto,  if  present,  to  permeate  the  pores  of  the  filter.  On  washing 
off  the  fat  gently  under  the  water-tap,  all  the  annatto  of  the  milk  used 
for  the  test  will  be  found  to  have  been  concentrated  on  the  filter,  giving 
it  an  orange  color,  tolerably  permanent  and  varying  in  depth  with  the 
amount  of  annatto  present.  As  a  confirmatory  test  tor  annatto,  stan- 
nous chloride  may  afterward  be  applied  to  the  colored  filter,  producing 
the  characteristic  pink  color. 

Tests  for  Caramel. — The  fat-freed  curd,  if  colored  after  the  ether 
has  been  poured  off,  is  examined  further  for  caramel  or  anilin  orange, 
by  placing  a  portion  of  the  curd  in  a  test-tube,  and  shaking  vigorously 
with  concentrated  hydrochloric  acid.  If  the  color  is  caramel,  the  acid 
solution  of  the  colored  curd  will  gradually  turn  a  deep  blue  on  shaking, 
as  would  also  the  white  fat-free  curd  of  an  uncolored  milk,  the  blue  colora- 
tion being  formed  in  a  very  few  minutes,  if  the  fat  has  been  thoroughly 
extracted  from  the  curd;  indeed,  it  seems  to  be  absolutely  essential  for 
the  prompt  formation  of  the  blue  color  in  the  acid  solution  that  the  curd 
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either  wholly  white,  or  at  most  of  a  pale  straw  color,  while  in  the  presence 
of  caramel,  the  residue  is  a  more  or  less  dark-brown  color,  according  to  the 
amount  of  caramel  used. 

Tests  for  Coal-tar  Dye. — ^If  the  milk  has  been  colored  with  an  azo-dye, 
the  colored  curd,  on  applying  the  strong  hydrochloric  acid  in  the  test-tube, 
will  immediately  turn  pink.  If  a  large  amount  of  the  anilin  dye  has  been 
used  in  the  milk,  the  curd  will  sometimes  show  the  pink  coloration  when 
hydrochloric  acid  is  applied  directly  to  it,  before  treatment  with  ether, 
but  the  color  reaction  with  the  fat-free  curd  is  very  delicate  and  unmistak- 
able.* 

Lytkgoe'f  has  shown  that  the  amount  of  anilin  orange  ordinarily 
present  in  a  milk  for  the  purposes  of  coloring  can  be  detected  by  adding 
directly  to  say  10  cc.  of  the  sample  an  equal  quantity  of  strong  hydro- 
chloric acid  and  mixing,  whereupon  the  pink  coloration  is  produced,  if 
the  dye  is  present  in  more  than  minute  traces.  The  test  is  more  deli- 
cate if  carried  out  in  a  white  porcelain  dish.  It  had  best  be  used  as  a 
preliminary  test  only,  and  confirmed  by  a  subsequent  test  on  the  fat-free 
curd  as  above. 

SUMMARY  OF  SCHEME  FOR  COLOR  ANALYSIS. 

Curdle  150  cc.  milk  in  casserole  with  heat  and  acetic  acid.  Gather  curd  in  one  mass. 
Pour  off  whey,  or  strain,  if  curd  is  finely  divided.  Macerate  curd  with  ether  in  corked  flask. 
Pour  oflF  ether. 


Ether  Extract 

Evaporate  off  ether,  treat  residue  with 
NaOH  and  pour  on  wetted  filter.  After 
the  solution  has  passed  through,  wash  off 
fat  and  dry  filter,  which  if  colored  orange, 
indicates  presence  of  annatto.  (Confirm 
by  SnCl^.) 


Extracted  Curd. 

(i)  //  Colorless. — Indicates  presence  of 
no  foreigjn  color  other  than  in  ether  extract. 

(2)  //  Orange  or  Brownish. — Indicates 
presence  of  anilin  orange  or  caramel. 
Shake  curd  in  test-tube  with  concentrated 
hydrochloric  acid. 


If  solution  gradu- 
ally turns  blue,  in- 
dicative of  caramel. 
(Confirm  by  testing 
for  caramel  in  whey 
of   original   milk.) 


If  orange  curd  im- 
mediately turns  pink, 
indicative  of  anilin 
orange. 


NATURE    OF    PRESERVATIVES    USED    IN   MiLK.— In    most    localities 

having  pure  food  laws  preservatives  in  milk  are  regarded  as  adulterants. 

» 

*  Occasional-  samples  of  milk  colored  with  a  coal-tar  dye  of  a  different  class  from  those 
already  described  have  recently  been  found  in  Massachusetts.  In  these  cases  the  color 
of  the  separated  fat-free  curd  does  not  change  when  treated  with  hydrochloric  acid.  The 
color  of  the  curd  is,  however,  very  marked,  being  deep  orange,  bordering  on  the  pink. 

t  Jour.  Am.  Chcm.  Soc.,  22,  1900,  p.  813. 
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Their  use,  however,  seems  to  be  on  the  increase.  Of  6,i86  samples  of  milk 
examined  by  the  Massachusetts  State  Board  of  Health  during  one  year 
(1899)  71  samples,  or  1.2%,  were  found  to  contain  a  preservative.  01 
these  55  were  found  with  formaldehyde,  13  containing  boric  acid,  borax, 
or  a  mixture  of  the  two,  and  3  contained  carbonate  of  soda. 

Comparative  tests  have  been  made  in  the  writer's  laboratory  of  the 
keeping  qualities  of  these  commonly  used  milk  preservatives,  when  present 
in  varying  strength,  the  milk  being  kept  during  the  experiment  at  the  tem- 
perature of  the  room,  which  at  that  season  of  the  year  (February)  was  about 
20"  C*  The  preservatives  were  added  about  five  hours  after  milking. 
The  samples  were  titrated  for  acidity  each  morning,  the  acidity  being 
expressed  by  the  number  of  cubic  centimeters  of  decinonnal  sodium 
hydroxide  necessary  to  neutralize  5  cc.  of  the  milk. 

The  proportions  of  preservatives  used  in  this  experiment,  as  shown  in 
the  table  on  page  139,  were  intended  to  cover  a  wide  range,  from  the 
weakest  that  could  aid  in  preserving  the  milk  up  to  a  strength  limited 
only  by  being  perceptible  to  the  taste.  The  table  opposite  shows  the 
results. 

Fonnaldehyde,  the  most  commonly  used  preservative  for  milk,  is  sold  to 
the  trade  under  various  names,  such  as  " Preservaline "  "Freezine,"  "Ice- 
line,"  etc.,  ail  being  dilute  aqueous  solutions  of  formaldehyde,  containing 
from  2  to  6  per  cent  of  Ihe  gas,  being  nearly  always  diluted  from  the  40% 
solution  known  as  formaUn.  These  preparations  are  usually  accompanied 
by  directions,  which  specify  the  amount  to  be  used,  varying  from  a  table- 
spoonful  of  the  solution  in  5  to  10  gallons  of  the  milk.  It  is  commonly 
used  in  the  strength  of  i  part  of  the  gas  in  20,000,  and  rarely  less  than 
I  part  in  50,000.     The  antiseptic  power  of  fonnaldehyde  increases  in  a 
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I40  FOOD  INSPECTION  AND  ANALYSIS. 

Whether  or  not  formaldehyde  in  milk  is  harmful  to  processes  of  diges- 
tion, when  present  in  the  amount  commonly  used,  is  still  an  open  question.* 

Carlwnate  and  Bicarbonate  of  Soda.— These  substances  are  occasion- 
ally used  in  milk,  though,  as  the  above  tabic  shows,  they  possess  little 
or  no  value  as  milk  preservatives.  They  do,  however,  serve  to  neutralize 
the  acidity  of  slightly  soured  milk  and  to  postpone  the  time  of  actual 
curdling. 

Salicylic  and  Benzoic  Acids,  in  view  of  the  much  more  efficient  anti- 
septics at  band,  are  now  rarely  used  as  milk  preservatives,  though  the 
analyst  should  be  on  ("he  outlook  for  them.  Salicylic  acid  is  a  poor  milk 
preservative,  in  view  of  the  fact  that  it  affects  the  taste  of  the  milk,  when 
present  in  sufficient  quantity,  to  be  of  service. 

Detection  of  Formaldehyde. — Hydrockhric  Acid  Tesl.-f — Commercial 
hydrochloric  acid  (specific  gravity  1.2)  containing  a  cc.  of  10%  ferric 
chloride  per  liter  b  used  as  a  reagent.  Add  10  cc.  of  the  acid  reagent  to  an 
equal  volume  of  milk  in  a  porcelain  casserole,  and  heat  slowly  over  the 
free  flame  nearly  to  boiling,  holding  the  casserole  by  the  handle,  and  giving 
it  a  rotary  motion  while  heating  to  break  up  the  curd.  The  presence  of 
formaldehyde  k  indicated  by  a  violet  coloration,  varying  in  depth  with 
the  amount  present.  In  the  absence  of  formaldehyde,  the  solution  slowly 
turns  brown.  By  this  test  i  part  of  formaldehyde  in  250,000  parts  of 
milk  is  readily  detected  before  the  milk  sours.  After  souring,  the  limit 
of  delicacy  proves  to  be  about  i  part  in  50,000. 

Various  aldehydes,  when  introduced  into  milk,  give  color  reactions 
under  the  above  treatment,  but  formaldehyde  alone  gives  the  violet  colora- 
tion, which  is  perfectly  distinguishable  and  unmistakable. 

Hehner's  Sulphuric  Acid  Test. — To  5  to  10  cc.  of  milk  in  a  wide  test- 
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the  junction  of  the  two  liquids  indicates  formaldehyde.  This  test  is 
not  as  delicate  as  the  hydrochloric  acid  test,  by  reason  of  the  charring 
action  of  the  sulphuric  acid. 

Confirmatory  Tests  with  Distilled  Milk. — If  it  is  desired  to  confirm 
the  above  tests  by  further  evidence,  100  to  200  cc.  of  the  milk  sample 
are  subjected  to  distillation,  and  the  first  20  cc.  of  the  distillate  are  used 
for  testing. 

(i)  To  a  few  drops  of  this  distillate  in  a  test-tube  add  a  drop  of  Schifif's 
reagent.*  In  presence  of  any  aldehyde,  a  pink  coloration  will  soon  be 
perceptible,  deepening  in  intensity  on  standing. 

(2)  Add  to  5  cc.  of  the  milk  distillate  a  few  drops  of  a  1%  aqueous 
solution  of  resorcin  or  phenol,  and  proceed  as  directed  on  page  666  (pre- 
servatives). The  crimson  color  indicates  formaldehyde,  and  not  other 
aldchvdes. 

(3)  Use  I  or  2  cc.  of  the  milk  distillate  and  apply  the  phenylhydrazine 
test,  page  666. 

(4)  A  small  amount  of  the  distillate  from  milk  (which  prior  to  distilling 
is  acidified  slightly  with  sulphuric  acid  to  fix  any  free  ammonia)  is  treated 
with  a  few  drops  of  Nessler's  reagent. f  Traces  of  formaldehyde  produce 
a  yellow  coloration,  while  if  considerable  formaldehyde  be  present,  the 
color  darkens  on  standing  and  a  grayish  precipitate  may  be  formed. 

Determination  of  Formaldehyde  in  Milk.J — To  100  cc.  of  milk  add 
I  cc.  of  1 13  sulphuric  acid  and  subject  to  distillation  in  a  500-cc.  Kjeldahl 
nitrogen-flask,  using  a  low  circular  evaporating  burner  to  avoid  frothing. 
According  to  Smith,  the  first  20  cc.  of  the  distillate,  or  one-fifth  the 
original  volume,  contain  ver)^  nearly  one-third  of  the  total  formaldehyde. 
Collect  20  cc.  of  the  distillate  and  determine  the  formaldehyde  therein 
by  the  potassium  cyanide  method,  as  follows:  § 

Treat  10  cc.  of  tenth-normal  silver  nitrate  with  6  drops  of  50%  nitric 
acid  in  a  50-cc.  flask,  add  10  cc.  of  a  solution  of  potassium  cyanide  con- 
taining 3.1  grams  of  KCN  in  500  cc.  of  water,  and  make  up  to  the  50-cc. 
mark.  Shake,  filter,  and  titrate  25  cc.  of  the  filtrate  with  tenth-normal 
ammonium  sulphocyanatc,||  using  ferric  chloride  as  an  indicator. 

♦Table  of  reagents,  No.  226. 

t  Table  of  reagents,  No.  187. 

J  Smith,  Jour.  Am.  Chem.  Soc.,  25,  1903,  pp.  1032  and  1037. 

§  Zeits.  anal.  Chem.,  36,  pp.  iS-24. 

H  Theoretically  7.6  grams  per  liter.  On  account  of  the  deliquescent  nature  of  the  salt 
weigh  out  8  grams,  make  up  to  a  liter^  and  titrate  against  tenth-normal  silver  nitrate  for 
its  exact  value,  using  ferric  chloride  as  an  indicator.     Sutton,  Volumetric  Analysis,  8th  Ed. 

P-  155- 
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Acidify  another  portion  of  lo  cc.  of  tenth-normal  silver  nitrate  with 
nitric  acid,  add  lo  cc.  of  the  potassium  cyanide  solution  to  which  the 
above  20  cc.  of  the  formaldehyde  distillate  has  been  added.  Make  up 
the  whole  to  50  cc,  filter  and  titrate  as  before  25  cc.  of  the  filtrate  with 
tenth-normal  ammonium  sulphocyanate  for  the  excess  of  silver. 

The  amount  of  potassium  cyanide  used  up  by  the  formaldehyde,  in 
terms  of  tenth-normal  ammonium  sulphocyanate,  is  found  by  multiplying 
by  two  the  difference  between  the  two  results,  and  the  total  formal- 
dehyde b  calculated  by  multiplying  by  3  the  amount  found  in  the  20  cc. 
of  distillate. 

The  reaction  that  takes  place  between  the  formaldehyde  and  the 
potassium  cyanide  probably  results  in  the  formation  of  an  addition 
product  as  follows: 

CH,0-t-  KCN  =  KO.CH,CN. 

Detection  of  Boric  Acid. — ^This  is  best  accomplished  by  the  turmeric- 
paper  test  in  a  solution  of  the  ash  of  the  milk,  slightly  acidified  by  hydro- 
chloric acid,  in  the  manner  described  on  page  669. 

Determination  of  Boric  Acid. — Use  the  method  of  Thompson.*  Add 
10  cc.  of  a  I :  I  solution  of  sodium  hydroxide  to  100  cc.  of  the  milk,  evaporate 
to  dryness  in  a  platinum  dish,  and  proceed  as  described  on  page  669. 

Detection  of  Carbonate  and  Bicarbonate  of  Soda.  —  The  addition 
of  carbonates  is  manifest  by  the  effen-esccnce  caused  by  treating  the 
milk-ash  with  acid.  Effer\'cscence  in  the  milk-ash  is  quite  perceptible, 
when  as  much  as  0.05%  of  sodium  carbonate  is  present. 

Schmidt's  method  of  detecting  sodium  carbonate  or  bicarbonate, 
when  present  to  the  e-ttent  of  0.1%  or  more,  is  as  follows:   Ten  cc.  of 
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tion  of  an  emulsion.  A  volume  of  ether  largely  in  excess  over  that  of 
the  curdled  milk  has  been  found  to  be  less  apt  to  emulsionize.*  Transfer 
the  ether  extract  to  a  separatory  funnel,  and  separate  the  benzoic  add 
from  the  fat  by  shaking  out  with  dilute  ammonia,  which  takes  out  the 
former  as  ammonium  benzoate.  Evaporate  the  ammonia  solution  in 
a  dish  over  the  water-bath  till  all  free  ammonia  has  disappeared,  but 
before  getting  to  dryness,  add  a  few  drops  of  ferric  chloride  reagent. 

The  characteristic  flesh-colored  precipitate  indicates  benzoic  acid. 
Care  should  be  taken  not  to  add  the  ferric  chloride  till  all  the  ammonia 
has  been  driven  off,  otherwise  a  precipitate  of  ferric  hydrate  is  formed. 

Detection  of  Salicylic  Acid. — (i)  To  50  cc.  of  the  milk  add  i  cc.  of 
acid  nitrate  of  mercury  reagent  (p.  iii),  shake  and  filter.  The  filtrate, 
which  should  be  perfectly  clear,  is  then  shaken  with  ether  in  a  separatory 
funnel,  the  ether  extract  evaporated  to  dryness,  and  a  drop  of  ferric  chloride 
reagent  applied.  If  salicylic  acid  be  present,  a  violet  color  will  be  pro- 
duced. In  carr}'ing  out  the  test  it  should  be  noted  that  a  small  portion 
only  of  the  salicylic  acid  is  in  the  filtered  whey,  the  larger  part  being  left 
in  the  curd.  The  color  test  is,  however,  so  delicate  as  to  show  its  presence, 
when  an  appreciable  amount  is  used. 

(2)  Proceed  exactly  as  directed  for  benzoic  add  (p.  142).  On  apply- 
ing the  ferric  chloride  to  the  final  solution,  after  evaporation  of  the 
ammonia,  a  violet  color  shows  the  presence  of  salicylic  acid. 

Routine  Inspection  of  Milk  for  Preservatives. — ^It  is  customary  in  the 
writer's  laboratory  to  examine  all  the  samples  of  milk  collected  during 
the  months  of  June,  July,  August,  and  September  for  the  commonly 
used  preservatives,  in  addition  to  the  regular  analysis  for  total  solids 
and  fat.  The  number  of  samples  thus  examined  amounts  to  upwards 
of  500  j)cr  month,  var}'ing  from  10  to  60  per  day.  The  results  of  such 
an  examination  during  four  years  arc  thus  shown  rf 

PRESERVATIVES  IN  MILK. 


Year. 

Samples 
Exannned. 

Number 
containinR 

Fiinn- 
aldt'hvde. 

Ptr  Cent 

runtainiriK 

Form- 
aldehyde. 

NxmibiT        Per  Cent 

containing    containing 

Boric       1       Boric 

Acid.       1       Acid. 

Number 
(•••ntaininR 
Carbonate. 

Total 
containing 
Preserva- 
tive. 

l«o8 

1046                 26 

2.5 
2.6 

3.0 
1.9 

1-5 

II 

13 
6 

12 

1.0 
0.6 

03 

0-5 
0.7 

4 
3 

41 
71 
67 
54 
43 

1800 

2IOS 
2018 

2154 
1934 

55 
61 

42 
29 

**-'Vv  •••••••••• 

1000 

lOOI 

I003 

Ayv* ....••■••. 

*t                    — / 

Totals. . .  . 

9257 

213 

2.3 

56         1           0.6 

7 

376 

♦  When  this  process  is  used  the  ether  may  readily  be  recovered  by  distillation, 
t  An.  Rep.  Mass.  State  Board  of  Health,  1902,  p.  474;  Analyst's  Rejirint,  p.  22 
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Such  a  system  by  no  means  involves  a  large  amount  of  time  or  labor, 
and  is  really  essential  before  passing  judgment  upon  the  purity  of  the 
milk,  since,  unlike  added  color,  there  is  nothing  in  the  physical  appear- 
ance of  the  milk  to  suggest  the  presence  of  preservatives,  nor  are  they 
rendered  apparent  by  the  taste,  if  skilfully  used. 

The  methods  employed  arc  carried  out  as  follows;* 

(i)- Formaldehyde. — ^After  having  been  examined  for  total  solids 
and  fat,  the  milk  samples  are  arranged  in  order  in  their  original  con- 
tainers, and  about  lo  cc.  of  each  sample  are  poured  into  a  casserole  and 
tested  in  succession  by  means  of  the  hydrochloric  acid  and  ferric  chloride 
test  (p.  140).  A  large  stock  bottle,  which  may  be  fitted  with  a  siphon 
if  desired,  is  kept  on  hand  containing  the  hydrochloric  acid  reagent. 
Less  than  one  minute  is  required  in  making  the  formaldehyde  test  for 
each  sample. 

2.  Carbonate  and  Boric  Acid. — ^These  tests  have  been  so  simplified 
as  to  be,  as  it  were,  a  side  issue  in  the  process  of  cleaning  the  platinum 
dishes  used  for  the  determination  of  total  solids.  The  various  residues 
from  the  total  solids  are  burnt  to  an  ash  in  the  original  numbered  dishes 
in  succession,  these  dishes,  after  incineration,  being  arranged  side  by  side 
on  a  flat  tray.  By  means  of  a  pipette,  one  or  two  drops  of  dilute  hydro- 
chloric acid  are  introduced  into  each  dish  in  succession,  noting  at  the 
time  any  effervescence  that  may  ensue,  which  is  in  itself  an  indication 
of  sodium  carbonate.  After  every  milk  ash  has  been  acidulated,  a  few 
cubic  centimeters  of  water  are  added  lo  each  dish  by  means  of  a  wash- 
bottle,  the  dissolving  of  the  ash  being  hastened  by  giving  a  rotary  motion 
to  the  tray  containing  the  dishes.  .\  strip  of  turmeric-paper  is  then  allowed 
to  soak  for  a  minute  or  so  in  each  dish,  after  which  it  is  withdrawn  from 
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with  numbers  marked  on  the  paper  at  close  intervals  corresponding  to 
the  numbers  of  the  platinum  dishes.  The  strips  of  turmeric-paper,  aftei 
soaking,  are  removed  from  the  dishes  and  placed  across  the  glass  tubes, 
over  the  numbers  corresponding  to  those  of  the  dishes  from  which  they 
were  taken.  Here  they  are  allowed  to  stand  till  dry,  being  kept  in  posi- 
tion by  a  third  section  of  tube  or  rod  placed  over  them.    When  dry,  the 
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FHk  48. — ^Arrangement  of  Glass  Rods  and  Tunneric  Test-papers  in  Detection  of  Bori< 

Acid  in  Milk. 

color  of  the  turmeric  strips  will  indicate  whether  or  not  boric  acid  is  present, 
and  also  the  position  wuU  show  in  what  sample  to  look  for  it. 

Cane  Sugar. — ^This  is  alleged  to  be  added  for  the  purpose  of  increasing 
the  total  solids  of  milk,  but  if  present  to  any  marked  degree,  it  could 
hardly  fail  of  detection  by  reason  of  the  sweet  taste  imparted  to  the  milk. 
Cane  sugar  in  milk  may  be  detected  *  by  boiling  5  to  10  cc.  of  the  sample 
with  about  o.i  gram  of  resorcin  and  a  few  drops  of  hydrochloric  acid  for 
a  few  minutes.    In  the  presence  of  cane  sugar,  a  rose-red  color  is  produced. 

According  to  Richmond,  cane  sugar  may  be  estimated  by  first  ascer- 
taining the  total  polarization  of  the  sample  as  in  the  estimation  of  milk 
sugar  (p.  112).  The  milk  sugar  is  then  determined  by  Fehling's  solution 
(pp.  113  to  115)  cither  volumetrically  or  gravimetrically.  The  differenco 
between  the  anhydrous  milk  sugar  found  by  the  latter,  or  Fehling  method, 
and  that  calculated  by  dividing  the  polarization  by  1.217  will  give  the 
percentage  of  cane  sugar  present. 

Cotton's  t  method  of  detecting  cane  sugar,  when  present  to  the  extent 
of  0.1%,  consists  in  mixing  in  a  test-tube  10  cc.  of  the  suspected  milk 
with  0.5  gram  of  powdered  ammonium  molybdate.  Ten  cc.  of  milk  of 
known  purity,  or  10  cc.  of  a  6%  solution  of  milk  sugar  arc  similarly  treated 
by  way  of  comparison.  Both  tubes  arc  placed  in  a  water-bath  and 
the  temperature  gradually  raised  to  80°  C.  If  cane  sugar  is  present,  an 
intense  blue  coloration  is  produced,  while  the  genuine  milk  or  the  solution 
of  milk  sugar  remains  unchanged  at  the  temperature  of  80°.  If  the  tem- 
perature is  raised  to  the  boiling-point,  however,  the  pure  milk  or  milk 
sugar  solution  may  also  turn  blue. 


*  Richards  and  Woodman,  Air,  Water,  and  Food,  p.  z66 
t  Abs.  Analyst,  1898,  p.  37. 
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Detection  of  Starcli  in  Hilk. — A  small  quantity  of  milk  is  heated  in 
a  test-tube  to  boiling,  cooled,  and  a  drop  of  iodine  in  potassium  iodide 
added.    A  blue  coloration  indicates  starch. 

Condensed  Skimmed  UUk  as  an  Adulterant. — The  use  of  condensed 
unsweetened  skimmed  milk  to  riise  the  solids  of  a  skimmed  or  watered 
milk  above  the  standard  has  been  noted  in  Massachusetts.  This  sophis- 
tication is  rendered  apparent  by  the  abnormally  high  solids  not  fat  of 
the  sample,  which  in  some  instances  have  exceeded  ii%.  A  solid  not  fat 
in  excess  of  10%  is  suspicious  of  this  form  of  adulteration.  By  fixing  a 
legal  standard  for  both  fat  and  solids  not  fat,  such  tampering  with  milk 
may  readily  be  checked. 

Analysis  of  Sour  Hilk. — It  occasionally  becomes  necessary  for  the 
analyst  to  deal  with  samples  of  sour  milk,  especially  in  the  summer-time, 
when  the  milk  has  been  brought  from  a  long  distance.  While  the  process 
of  lactic  fermentation  results  in  the  formation  of  traces  of  volatile  acids, 
unless  the  sample  has  become  so  badly  curdled  as  to  render  an  even  homo- 
geneous mixture  of  the  various  parts  impossible,  a  fair  determination  of 
the  solids  and  fat  can  readily  be  made.  Experience  has  proved  that, 
excepting  in  instances  of  milk  so  badly  soured  as  to  have  become  actually 
putrid,  the  analysis  of  sour  milk,  if  carefully  made,  should  not  differ 
materially  from  that  of  the  same  milk  before  souring. 

Care  must  be  taken  to  secure  an  even  emulsion  of  the  curd  and  whey. 
This  may  sometimes  be  accomplished  by  repeatedly  pouring  the  sample 
back  and  forth  from  one  container  to  another.  Again,  it  is  sometimes 
necessary  to  use  an  egg-beater  of  the  spiral  wire  pattern,  which  preferably 
should  easily  fit  the  can  or  milk-container.  Unless  a  fine,  even  emulsion 
can  be  secured,  it  is  impossible  to  make  a  satisfactory  analysis  of  sour 
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as  found  on  the  market  usually  nothing  better  than  condensed  ordinary 
milk,  having  no  added  sugar,  and  has  generally  no  resemblance  in  com- 
position to  cream  other  than  in  consistency. 

Condensed  milk  is  usually  prepared  by  boiling  milk  in  vacuum-pans 
under  diminished  pressure  to  the  proper  degree  of  concentration.  Up- 
wards of  350  samples  of  sweetened  condensed  milk  have  been  analyzed 
in  full  in  the  laboratory  of  the  Massachusetts  State  Board  of  Health  during 
the  last  eight  years,  representing  no  less  than  no  brands,  together  with 
about  30  samples  (representing  8  brands)  of  the  unsweetened  variety. 

In  view  of  the  fact  that  a  considerable  number  of  the  condensed-milk 
samples  are  shown  by  their  analysis  to  have  been  produced  from  skimmed 
milk,  the  fat  content  in  the  samples  analyzed  varying  from  a  mere  trace 
to  12%,  it  is  obvious  that  the  typical  composition  of  condensed  milk  could 
not  fairly  be  shown  by  giving  maximum,  minimum,  and  mean  results 
from  the  entire  tabulated  series,  nor  would  it  be  possible  to  draw  a  hard- 
and-fast  line  excluding  certain  samples  known  to  be  adulterated  in  making 
yp  the  averages.  It  has  therefore  been  thought  best  to  select  a  few  typical 
brands  and  give  their  analyses  in  full. 

COMPOSITION  OF  SWEETENED  CONDENSED  MILK. 


Points  to  be  Noted. 


Total 

Solids. 

Per 

Cent. 


Water 


Milk 


p^|.      Solids, 

Cent.     ,Pcr 
Lent. 


High  in  fat.  much  added 

su^ar. 70.17     20.83 

Hi^h  fat,  low  milk  sugar.  .  .  i  68 .  70  32 .  30 
Low  fat.  hi^h  milk  suKar; 

low  proteids.   . 1  69.30    30.70 

Normal    constituents 

throughout* 74-29    25.71 

Condensed   from   skimmed 

milk. .      69.30    30   70 

Condensed    from    cenlrifu- 

gally  skimmed  milk 69.06    30 -94 


Cane 

Sugar, 

Per 
.Cent. 


31.32 
30.27 

31.83 
32.37 


47.85 
38.43 

37.47 

41.92 


29.1s    40.15 
25.88    43.18 


Milk 
Sugar, 

Per 
Cent. 


9.57 
6.38 

16.7s 
11.97 
1 1 .89 


Pro- 
teids. 
Per 
Cent. 


Fat, 

Ash, 

Per 

Per 

Cent. 

Cent. 

7.95 

10.  70 

6.34 

8.46 

12.15 


11-55  ,  1 1  .78 


I  2.00 

I I  .46 

7.  20 

10.65 

3.06 

0.09 


I  .80 
1.73 

1.54 

1 .  29 

2.05 

2.46 


Pat  in 

Origi- 
nal 

Milk. 
Per 

Cent. 


4.<^o 
5  63 

2   77 

4.    6 

I .  II 

Trace 


COMPOSITION  OF  UNSWEETENED  CONDENSED  MILK. 


Points  to  be  Noted. 


High  in  fat 

Low  in  proteids 

Normal  constituents  throughout* 
Condensed  from  skimmed  milk.  . 


Total 
Solids. 

Per 
Cent. 

Water, 

Per 
Cent. 

Milk 
Sugar. 

Per 
Cent. 

Pro- 
teids. 

Per 
Cent. 

Per 
Cent. 

36 .  00 

31.25 
a8.i6 

35.17 

64.00 

86.75 
69.24 

64.83 

10.65 

13.40 

9.85 

13-90 

11.63 
7.02 
8.66 

15.37 

I  a. 00 
9.60 
8.10 
4.20 

Ash. 

Per 

Cent. 


0"^nal    Times 

,.  ^^        densed. 
Lent. 


I 
I 

1.55 
1 .  70 


72 
23     I 


4.61 
4.1H 
3.  68 
1.28 


2.6 

2.3 
2.  a 


*  Can  be  taken  as  being  very  near  the  average  for  all  constituents  in  honest  condensed  milk  of 
fair  quality. 
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In  the  case  of  sweetened  condensed  milk  it  will  be  observed  that 
the  proteids  as  a  rule  run  considerably  lower  than  the  sugar,  whereas 
in  ordinary  cow's  milk  the  percentage  of  proteids  and  milk  sugar  are 
more  nearly  alike.  In  making  the  above  analyses  all  the  reducing  sugar 
was  reckoned  as  milk  sugar,  whereas  it  is  possible  that  a  small  amount 
of  the  cane  sugar  is  inverted  in  the  process  of  manufacture,  and  thus 
increases  the  amount  of  reducing  sugar. 

U.  S.  Standards.* — Standard  condensed  milk  and  standard  sweetened 
condensed  milk  are  condensed  'milk  and  sweetened  condensed  milk  re- 
spectively, containing  not  less  than  28%  of  milk  solids,  of  which  not  less 
than  one-fourth  is  milk  fat.  Standard  condensed  skim-milk,  is  skim- 
milk  from  which  a  considerable  portion  of  water  has  been  evapo- 
rated. 

Methods  of  Analysis. — Preparation  of  the  Sample. — For  the  analysis 
of  condensed  milk  the  following  system  of  procedure  has  been  adopted 
in  the  laboratory  of  the  Massachusetts  State  Board  of  Health.  The 
sample  is  first  thoroughly  mixed,  best  by  transferring  the  entire  contents 
of  the  can  to  a  large  cvaporating-dish,  and  working  it  thoroughly  with 
a  pestle  till  homogeneous  throughout.  Forty  grams  of  the  mixed 
sample  are  weighed  out,  preferably  in  a  tared  weighing-tray  for  sugar 
analysis,  transferred  by  washing  to  a  graduated  100-cc.  sugar-flask  (or 
if  desired  it  b  weighed  directly  into  the  flask)  and  made  up  to  the  mark 
■with  water. 

Total  Solids, — An  aliquot  part  of  this  mixed  solution  is  further  diluted 
with  an  equal  amount  of  water,  and  5  cc.  of  the  diluted  mixture,  corre- 
sponding to  I  gram  of  the  condensed  milk,  is  pipetted  into  a  tared  platinum 
dish,  such  as  b  used  for  ordinary  milk,  the  pipette  being  rinsed  into  the 
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skimmed  milk,  be  caked  down  hard  and  glossy  on  the  bottom  of  the 
dish,  but,  if  the  operation  is  properly  carried  out,  should  have  a  well-sepa- 
rated fat  layer  at  the  top,  and  the  residue  should  resemble  in  appearance 
that  from  ordinary  milk.  This  result  is  accomplished  by  the  extreme 
dilution  of  the  sample. 

Ash, — ^The  residue  from  the  total  solids  as  above  obtained  is  care- 
fully burnt,  cooled,  and  weighed  as  in  the  case  of  ordinary  milk  (p.  98). 

WTicn  the  total  solids  are  not  to  be  determined,  as  in  cases  where 
the  quality  of  the  milk  used  in  preparation  of  the  sample  is  decided  by 
the  fat  and  ash  alone  (see  p.  152),  12.5  cc.  of  the  above  40%  solution, 
corresponding  to  5  grams  of  the  sample,  are  evaporated  to  dryness  on 
the  water-bath,  and  the  residue  burnt  to  an  ash  in  the  muffle  or  over  a 
low  flame. 

Fat. — Tlie  Author's  Method.^ — Fifteen  cc.  of  the  40%  solution  pre- 
pared as  above  described,  corresponding  to  6  grams  of  the  original  con- 
densed milk,  are  measured  into  an  ordinary  test-bottle  of  the  Babcock 
centrifuge.  This  is  filled  nearly  to  the  neck  with  water,  and  4  cc.  of  a 
solution  of  copper  sulphate  of  the  strength  of  Fehling's  copper  solution 
are  added.  The  contents  are  thoroughly  shaken,  and  the  precipitated 
proteids,  carrying  with  them  the  fat  are  rapidly  separated  out  by  whirl- 
ing the  fat  bottle  in  the  centrifuge,  preferably  without  heating.  The 
writer  prefers  an  electric  centrifuge  of  the  Robinson  type  (p.  loi)  for 
this  purpose,  as  the  heat  of  the  steam-driven  machine  cakes  the  precipitate 
down,  so  that  it  is  harder  to  wash.  If  desired,  the  precipitate  may  be 
allowed  to  settle  out  of  itself,  which  it  does  more  quickly  in  the  cold. 

The  supernatant  liquid  containing  the  sugar  is  drawn  off  by  means  of 
a  pipette  of  large  capacity,  having  a  stem  suflicicntly  small  to  pass  easily 
into  the  neck  of  the  milk-bottle,  a  small  wisp  of  absorbent  cotton  being 
first  twisted  over  the  bottom  of  the  pipette  to  serve  as  a  filter.  On  with- 
drawing the  pipette  with  the  sugar  solution,  the  cotton  is  wiped  off  into 
the  lM)tlle  by  rubbing  against  the  inner  side. 

The  precipitated  proteids  and  fat  are  given  two  additional  washings, 
as  above,  by  shaking  thoroughly  with  water  introduced  nearly  to  the 
neck  of  the  bottle,  separating  out  in  each  case  by  centrifuge  or  by  settling, 
and  finally  removing  the  washings  with  the  pipette,  two  of  such  extra 
washings  being  found  nearly  always  sufficient  to  remove  all  the  sugar. 
If  the  precipitate  is  caked  dowTi  hard  after  treatment  with  the  centrifuge, 

♦  28th  An.  Re[>.  Mass.  State  Board  of  Health,  1896,  p   630,  and  Jour.  Am.  Chem.  Soc., 
22,  1900,  p.  589. 
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h  may  be  necessary  to  employ  a  stiff  platinum  wire  as  a  stirrer  to  aid  in 
mixing  with  the  wash-water.    _ 

Finally,  enough  water  is  added  to  amount  approximately  to  the  nor- 
mal volume  of  17.6  cc.  usually  employed  for  the  Babcock  test,  17,5  cc. 
of  sulphuric  acid  are  added,  and  the  test  continued  from  this  point  on 
as  in  the  ordinary  Babcock  process  of  milk-testing,  multiplying  the  read- 
ing obtained  by  three  to  give  the  correct  percentage  of  fat  in  the 
sample. 

For  condensed  milk  containing  no  added  cane  sugar,  these  precau- 
tions are,  of  course,  unnecessary,  the  ordinary  Babcock  method  being 
directly  employed  with  a  weighed  portion  of  the  milk. 

Proleids. — Five  cc.  of  the  40%  solution  originally  prepared,  corre- 
sponding to  2  grams  of  the  condensed  milk,  are  diluted  further  to  about 
40  cc,  and  just  enough  of  the  Fehling  copper  solution  b  added,  drop 
by  drop,  to  precipitate  the  albuminoids,  taking  care  to  avoid  a  lai^ 
excess.  As  a  rule,  0.6  cc.  of  copper  solution  is  ample  for  this.  Nearly 
neutralize  with  sodium  hydroxide,  stopping  just  short  of  alkalinity,  i.e., 
leaving  the  solution  still  slightly  acid.  An  excess  of  alkali  tends  to  dis- 
solve the  casein  and  cause  turbidity  in  the  filtrate.  Pass  through  a 
weighed  filter-paper,  wash,  dry  in  an  air-oven  at  100°  C,  and  weigh.  The 
filter  with  the  dry  precipitate  is  then  carefully  burnt  in  a  porcelain  cru- 
cible»  and  the  difference  between  the  weight  of  the  dry  precipitate  and 
the  weight  of  the  ash  is  the  weight  of  the  proteids  and  fat.  Expressing 
this  in  percentage,  and  deducting  from  it  the  per  cent  of  fat  previously 
obtained,  the  result  is  the  per  cent  of  proteids. 

Milk  Sugar. — The  filtrate  and  the  washings  from  the  preceding  oper- 
ation are  made  up  to  100  cc.  with  water,  and  the  amount  of  reducing 
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PER  CENT  MILK  SUGAR  CORRESPONDING   TO  NUMBER   OF  CUBIC 

CENTIMETERS   USED. 

Stren^h  of  solution  a  grams  in  1 00  cc. 


Cu-  Cm. 

Per  Cent. 

Cu.  Cm. 

Per  Cent. 

Cu.  Cm. 

Per  Cent. 

Cu.  Cm. 

Per  Cent. 

18.0 

18.61 

25.0 

13.40 

32.0 

10.47 

39.0 

8-59 

18.5 

18.10 

25.5 

13.14 

32.5 

10.31 

39-5 

8.49 

19.0 

17-63 

26.0 

12.89 

33.0 

10.15 

40.0 

8-37 

19.5 

17.18 

26.5 

12.64 

33.5 

10.00 

40.5 

8.27 

xo.o 

16.75 

27.0 

12.41 

1   34-0 

9.85 

41.0 

8.17 

20.5 

16.34 

27-5 

12.18 

'   34.5 

9.71 

41.5 

8.07 

21.0 

15-95 

28.0 

11.97 

35-0 

9-57 

42.0 

7.98 

21.5 

15.58 

28.5 

11.75 

1    35.5 

9-43 

42.5 

7.88 

22.0 

15.22 

29.0 

"•55 

,   36.0 

9.30 

43.0 

7.78 

22.5 

14.89 

29.5 

11.35 

1   36.5 

9.17 

43.5 

7.70 

23.0 

14.56 

30.0 

II. 16 

.37.0 

9-05 

44.0 

7.61 

23.5 

14.25 

30.5 

10.89 

37.5 

8-93 

44-5 

7.53 

24.0 

13.95 

31.0 

10.80 

38.0 

8.81 

24.5 

13.67 

31.5 

10.63 

38.5 

1 

8.70 

Cane  Sugar. — This  is  obtained  by  difference,  deducting  the  milk 
solids  (the  sum  of  the  milk  sugar,  proteids,  fat,  and  ash)  from  the  total 
solids  first  obtained. 

Fat  in  Sweetened  Condensed  Milk. — ^Judgment  as  to  the  quality  of 
a  given  brand  of  condensed  milk  is  naturally  based  more  on  its  fat  content 
than  oi\  any  other  one  factor,  in  that,  of  all  its  constituents,  the  fat  is  the 
only  one  that  can  conveniently  be  tampered  with  to  the  detriment  of  its 
value  as  a  food.  Hence,  an  accurate  method  for  the  determination  of 
the  most  important  ingredient,  the  fat,  is  of  great  importance. 

The  Babcock  process  without  modification  cannot  be  used,  on  account 
of  the  charring  by  the  sulphuric  acid  acting  on  the  cane  sugar. 

The  Adams-Soxhlet  method  is  unreliable,  because  the  large  amount  of 
cane  sugar  is  again  a  disturbing  factor,  enclosing  the  fat  particles  so  firmly, 
when  dried  on  the  extraction  coil,  as  to  render  its  complete  removal  by 
the  extracting  ether  difficult  if  not  impossible.*  In  1895  the  writer's 
method  described  on  page  149  was  devised,  and  with  certain  minor  modifi- 
cations has  been  used  ever  since  with  highly  satisfactor\'  results,  pro\'ing 
itself  to  be  not  only  much  quicker  than  the  Adams-Soxhlet  extraction 
method  and  easier  of  manipulation,  but,  indeed,  more  accurate,  by  reason 


♦  When  ordinary  ether  is  used  for  the  Soxhlct  extraction,  the  results  may  not  appear  too 
low  because  the  alcohol  and  water  present  in  the  ether  dissolve  not  only  fat  but  also  sugar, 
which  goes  in  with  and  is  weighed  as  fat.  With  ether  carefully  dehydrated  and  freed  from 
alcohol  or  with  benzine  or  petroleum  ether,  the  fat  results  will  always  be  found  far  too  low 
when  the  extraction  is  conducted  under  ordinary  conditions. 
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of  the  fa^t  that  the  cane  sugar  with  all  its  attendant  troubles  is  first  elimi- 
nated.* 

Calculation  of  Fat  in  Original  Hilk. — The  ' '  fat  in  the  original  milk," 
as  expressed  in  the  tables  on  page  147,  was  calculated  by  assuming  a 
percentage  of  solids  not  fat  of  9.3  in  the  original  milk,  this  being  the  standard 
fixed  by  the  Massachusetts  law.  Calculate  first  the  fat  and  the  milk 
solids  to  the  basis  of  the  cane-sugar-free  sample.  This  is  done  by  divid- 
ing the  per  cent  of  each  as  found  in  the  sample  by  100  less  the  percentage 
of  cane  sugar,  and  multiplying  the  result  by  100.  Ascertain  the  dif- 
ference between  the  milk  solids  and  the  fat  thus  obtained  in  the  can;;- 
sugar-free  sample,  and  divide  this  percentage  of  milk  solids  not  fat  by 
9.3.  The  result  is  the  "  number  of  times  condensed  "  (if  cane  sugar  were 
not  present  as  a  diluent). 

The  per  cent  of  fat  in  the  cane-sugar-free  sample,  divided  by  the 
number  of  times  condensed,  as  above  obtained,  gives  the  percentage  of 
fat  in  the  original  milk.f 

It  is  of  course  understood  that  these  calculations  do  not  give  per- 
fectly definite  results.  They  are  simply  arbitrary,  though  they  furnish 
quite  satisfactory  means  of  judging  the  quality  of  the  milk. 

If  the  fat  in  the  original  milk  is  found  to  be  well  below  3%,  there  is 
reason  to  suspect  that  skimmed  milk  was  used  in  its  preparation. 

Other  Methods  for  Proteids  and  Cane  Sugar. — If  desired,  the  proteids 
of  condensed  milk  can  be  calculated  from  the  total  nitrogen  obtained  by 
the  Gunning  method  as  in  ordinary  milk   (p.   109). 

BigelffW  and  McElroy's  Polarimetrlc  Method  jar  Cane  Sugar.X — ^26.048 

*  Parallel  delcntiinalions  of  fat  in  sugar-preserved  milk  by  the  Adams-Sonhlet  process, 
using  ether  carefully  dehydrated  and  freed  from  alcohol,  and  by  the  writer's  method  involv- 
ing Ihc  use  of  the  Dabcoelt  machine,  show  in  all  cases  a  larger  fat  content  by  the  latter  o 
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grams  of  the  mixed  sample  of  condensed  milk  are  transferred  to  a  loo-cc 
graduated  sugar-flask  and  dissolved  in  water,  which  is  boiled  to  make 
sure  of  normal  rotation.  The  solution  is  then  clarified  by  the  addition 
of  an  acetic  acid  solution  of  mercuric  iodide  *  and,  if  necessary,  alumina 
cream,  the  volume  is  made  up  to  100  cc,  shaken,  and  filtered  through 
a  dry  filter.  Rejecting  the  first  part  of  the  filtrate,  a  further  portion  is 
polarized.  For  inversion,  another  sample  of  26.048  grams  is  weighed 
out  as  before  and  dissolved,  but  before  clarifying,  is  heated  to  55°  C. 
and  treated  with  half  a  cake  of  compressed  yeast,  the  heating  with  the 
yeast  being  continued  at  55°  for  five  hours.  The  clarifying  solution 
is  added  before  cooling,  and,  after  cooling,  making  up  to  100  cc,  and 
filtering  as  before,  the  invert  reading  is  obtained  with  the  polariscope. 
By  this  process  of  yeast  inversion  the  cane  sugar  only  is  inverted,  the 
lactose  remaining  unchanged.  It  is  best  to  work  with  several  samples 
and  use  the  mean  of  the  readings  both  for  direct  and  invert  figures.  It  is 
also  best  to  use  the  double  dilution  method  (p.  113)  to  compensate  for 
the  volume  of  the  precipitated  fat  and  proteids. 

The  per  cent  of  cane  sugar  is  calculated  by  the  formula  of  Clerget, 

'- — V 

144  — 

S  being  the  per  cent  of  cane  sugar, 
A  the  direct  reading, 

B  the  invert  reading  and  t  the  temperature  at  which  the  observation  is 
made. 
The  above  process  presupposes  the  absence  of  invert  sugar  in  the 
sample,  a  supposition  which  Wiley  claims  it  is  fair  as  a  rule  to  assume. 

CREAM. 

Composition. — Cream  varies  in  composition  according  to  the  method  by 
which  it  is  obtained,  i.e.,  whether  (i)  by  allowing  it  to  separate  from  the 
milk  set  in  shallow  pans,  whence  it  is  removed  by  hand-skimming,  (2)  by 
setting  in  deep  vessels  surrounded  by  cold  water  (as  for  example  in  the 
**Cooley"  creamer)  the  skimmed  milk  being  commonly  drawTi  off  from 
below,  or  (3)  by  the  centrifugal  separator.  Most  of  the  heavy  cream 
found  in  the  market  at  the  present  time  is  the  product  of  the  third  or  sepa- 
rator process. 

♦  Prepared  by  dissolving  53  grams  of  potassium  iodide,  22  grams  mercuric  chloride,  and 
32  cc.  of  strong  acetic  acid  in  water  and  making  up  to  i  liter. 
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c..^„.,c^ 

11 

r 

! 

1 

i 

1 

1 

1' 

By  natural  separation 

By       cenlrifugal      separator, 
"Heavy"  cream 

4<i 

Kiitiig 

Leach 
Leach 

Mean 

Maximum 

Minimum 

Mean 

Maiimum 

Minimum 

Mean 

68. 8j 

54-80 
46.76 
SI. 63 

3.7» 

........ 

d:::: 

4».oi.... 
31  6al 

0-53 

.... 

j1.188.4j 

53.148-50 
45.104.10 
48.336.30 
jq. SO  9.30 
16.71  7.13 
33...  8.35 

8.60 

1,1.86 

.... 
.... 

Methods  of  Analysis.— The  total  solids,  ash,  sugar,  and  proteids  are 
determined  by  similar  processes  to  those  used  in  milk  analysis. 

Fat. — The  most  convenient  method  of  estimating  fat  is  slightly  modi- 
fied from  the  regular  Babcock  process.     The  specific  gravity  of  cream 

varies  between  such  wide  limits  that  it  is 
best  to  weigh  rather  than  measure  the 
sample.  Two  varieties  of  cream  bottle 
are  in  common  use  {Fig.  49)  for  the 
Babcock  process,  with  a  capacity  for 
measuring  25  to  30  per  cent  of  fat. 

Approximately  10  grams  of   the  wcU- 

mbced   cream   sample   are  transferred  to 

of   these    cream    bottles,  previously 

tared,  and  the  weight   of   the  cream  ac- 

Titely  obtained.  A  convenient  pipette 
"to  use  for  the  purpose  is  one  the  end  of 
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the  fat  is  multiplied  by  18  and  the  product,  divided  by  the  weight  of 
cream  taken,  gives  the  per  cent  of  fat. 

U.  S.  Standards.* — Standard  Cream  is  cream  containing  not  less  than 
18%  of  milk  fat. 

Standard  Evaporated  Cream  is  cream  from  which  a  considerable  portion 
of  water  has  been  evaporated. 

Adulteration  of  Cream. — In  some  localities  fat  standards  are  fixed 
for  cream  both  ** heavy"  and  ** light,"  those  falling  below  such  standards 
being  deemed  adulterated. 

The  same  preservatives  are  employed  in  cream  as  in  milk,  and  are 


C 


Fig.  50. — A  Babcock  Cream-test  Scale. 


detected  in  the  same  way.  The  color  reaction  for  formaldehyde,  by  heat- 
ing with  hydrochloric  acid  and  ferric  chloride,  is  not  as  delicate  in  the  case 
of  cream  as  of  milk,  by  reason  of  the  large  amount  of  fat.  Before  making 
the  test  the  sample  is  preferably  diluted  with  an  equal  volume  of  water,  the 
heating  is  done  in  a  casserole  as  with  milk,  but  finally  pour  into  a  test- 
tube,  and  observe  the  color  of  the  aqueous  layer. 

Gelatin  in  Cream. — Gelatin  has  been  found  by  the  writer  in  a  number 
of  samples  of  Massachusetts  cream,  its  use  being  to  increase  the  consistency. 
It  was  possible  in  one  instance  to  obtain  a  sample  of  the  adulterant  used 
in  the  form  of  a  powder,  which  proved  on  analysis  to  be  chiefly  gelatin 

♦  U.  S.  Dept.  of  Agric,  Oflf.  of  Sec.,  Circ.  10. 
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with  a  small  mixture  of  boric  acid,  these  ingredients  serving  the  two-fold 
purpose  of  thickening  and  preserving  the  cream. 

Gelatin  is  best  detected  in  cream  or  milk  by  the  method  of  Stokes.* 
He  uses  for  reagents  (i)  acid  nitrate  of  mercury,  prepared  by  dissolving 
metallic  mercury  in  twice  its  weight  of  concentrated  nitric  acid  (sp.  gr. 
1.42)  and  diluting  with  twenty-five  times  its  bulk  of  water,  and  (2]  a 
saturated  aqueous  solution  of  picric  acid. 

To  about  10  cc.  of  the  cream  add  the  same  amount  of  the  acid  nitrate 
of  mercury  solution  and  20  cc.  of  cold  water.  The  mixture  b  shaken  vigor- 
ously and  allowed  to  rest  for  &ve  minutes,  after  which  it  is  filtered.  If 
much  gelatin  is  present,  the  filtrate  will  not  be  clear,  but  opalescent.  To 
the  whole  or  a  part  of  the  filtrate  a  few  drops  of  the  picric  acid  solution 
are  added,  and  if  gelatin  be  present  in  any  considerable  amount,  a  yellow 
precipitate  is  formed.  Avoid  an  cxtess  of  acid  nitrate  of  mercury,  as  this 
would  cause  a  precipitate  with  picric  acid. 

If  gelatin  is  present  in  small  amount  only,  a  cloudiness  b  produced, 
best  seen  against  a  dark  background.  In  the  absence  of  gelatin,  the 
solution  will  remain  perfectly  clear  after  adding  the  picric  acid.  The 
reaction  b  delicate  to  i  part  of  gelatin  in  10,000  parts  of  milk  or  cream. 

Sucrate  of  Lime  in  Cream. — In  the  ordinary  process  of  pasteurizing 
thick  cream,  a  process  which  is  becoming  more  and  more  prevalent,  the 
consbtency  becomes  reduced,  so  that  while  the  value  of  the  cream  b  actu- 
ally enhanced  on  account  of  its  freedom  from  bacteria  and  its  increased 
capacity  for  keeping,  its  apparent  richness  is  impaired  when  compared 
with  untreated  cream  of  the  same  composition.  To  restore  thb  reduced 
consbtency,  Babcock  and  Russell  f  have  shown  that  sucrate  of  lime  may 
be  used  to  advantage.    They  have  applied  the  term  "vbcogen"  to  thb 
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by  the  writer  with  5  cc.  of  viscogen  per  quart  was  found  to  be  18.8,  in 
terms  of  N/io  acid,  added  in  excess  and  titrated  back  with  N/io  alkali, 
using  phenolphthalein.  The  alkalinity  of  the  ash  of  100  grams  of  pure 
cream  (7  samples)  varied  between  6.4  and  13.6. 

BUTTER. 

The  value  of  butter  as  a  food  depends  almost  entirely  on  its  fat  con- 
tent, although  minute  quantities  of  protein  and  milk  sugar  are  also  in- 
cluded in  its  composition. 

Hence  butter  is  more  logically  treated  in  detail  under  the  heading  of 
fats   (page  ^30). 

CHEESE. 

Nature  and  Composition. — Cheese  consists  principally  of  the  curd 
and  fat  removed  in  a  mass  from  milk,  which  has  been  curdled  by  the 
natural  souring  of  the  milk,  or  by  the  action  of  rennet.  The  separated 
mass  of  curd  and  fat,  after  being  compressed,  is  allowed  to  undergo  certain 
changes,  which  constitute  the  ripening  or  curing,  due  to  the  action  of 
micro-organisms  and  enzymes.  Sometimes  cream  is  used  as  the  source 
of  cheese  and  sometimes  skimmed  milk.  During  the  ripening  process, 
which  requires  from  a  few  weeks  to  several  months,  the  characteristic 
flavor  is  developed  by  the  changes  which  the  proteids  undergo,  and  the 
digestibility  of  the  cheese  is  improved.  The  nature  of  the  proteolytic 
changes  that  take  place  during  ripening  are  very  little  understood,  but  a 
variety  of  complex  nitrogenous  products  are  formed,  which  Van  Slyke 
divides  as  follows:  paracasein,  unsaturated  paracasein  lactate,  para- 
nuclein,  caseoses  (albumoses),  peptones,  amides,  and  ammonia.  Besides 
nitrogenous  bodies  and  fat,  which  are  its  chief  constituents,  cheese  con- 
tains notable  quantities  of  water,  milk  sugar,  lactic  acid,  and  mineral 
matter. 

In  some  kinds  of  cheese  salt  and  coloring  matter  are  added. 

Varieties. — Well-known  cheeses  of  commerce  are  often  named  from 
districts,  towTis,  or  localities  where  they  originated  or  are  still  made. 
They  may  be  classified  as  cream,  whole-milk,  or  skimmed-milk  cheese, 
according  to  the  quality  of  the  product  from  which  they  are  made,  or 
again  as  hard,  medium,  or  soft,  according  to  whether  (i)  they  are  pressed, 
or  (2)  allowed  to  drain  for  days  and  sometimes  weeks  without  pressure 
to  a  firm  consistency,  or  (3)  are  made  in  the  space  of  a  few  hours,  being 
quickly  drained  on  a  sieve  by  hand  pressure. 
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Cheddar  Cheese,  which  is  the  common  cheese  of  the  United  States 
(though  originally  made  some  250  years  ago  in  England  and  still  made 
there),  is  a  type  of  the  hard  cheese.  Stilton,  an  English,  and  Gruyire,  a 
Swiss  cheese,  belong  to  the  medium  class,  and  soft  cheeses  are  represented 
by  Brie  and  Neujchatel,  both  French  cream  cheeses.  Other  well-known 
varieties  are  Edam,  a  round,  mild,  long-keeping  Dutch  cheese,  Cammembert, 
a  rich  cream  cheese,  and  Roquejort,  made  originally  from  ewe's  milk  in 
the  French  town  of  that  name,  and  ripened  in  caves  in  the  mountains. 
It  is  flavored  by  a  peculiar  mold. 

The  following  table,  compiled  by  Woll,*  shows  the  average  composition 
of  various  cheeses  of  conmierce,  both  foreign  and  domestic: 


Cheddar 

Cheshire 

Stilton 

Brie 

Neukhatel 

Koquefort 

Edam 

Full  cream,  mean  of  143  analyses. 


17.63 

34.44 
"5-35 


Van  Slykc  has  furnished  the  following  analysis  of  the  nitrogen  com- 
pounds in  a  sample  of  normal  American  Cheddar  cheese  six  months 
old  and  cured  at  60°  F. : 
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In  many  localities  a  standard  percentage  for  fat  in  cheese  is  fixed  by 
law,  as  in  the  case  of  the  U.  S.  standard  noted  above,  all  samples  falling 
below  that  standard,  unless  sold  as  skim-milk  cheese,  being  deemed  adul- 
terated. 

Some  states  have  specific  standards  for  varying  grades  of  cheese, 
classified  as  to  their  fat  content.  Thus  under  the  Pennsylvania  law* 
cheese  is  divided  into  five  grades,  as  follows: 

Full-cream  cheese  must  contain  not  less  than  32%  butter  fat. 

Three-fourths  cream  cheese  must  contain  not  less  than  24%  butter 
fat. 

One-half  cream  cheese  must  contain  not  less  than  16%  butter  fat. 

One-fourth  cream  cheese  must  contain  not  less  than  8%  butter  fat. 

All  cheese  having  less  than  8%  fat  must  be  branded  ^*  Skimmed  Cheese." 

The  term  ''filled  cheese"  is  commonly  applied  to  a  product  in  which 
a  foreign  fat,  as  oleo  oil  or  lard,  has  been  used.  Filled  cheese  is  more 
commonly  found  in  localities  where  a  carefully  enforced  fat-standard 
law  prevails,  but,  in  the  absence  of  a  standard  for  fat  in  cheese,  the  manu- 
facturer can  cheapen  his  product  much  more  readily  and  conveniently 
by  selling  a  skim-milk  cheese  in  place  of  the  whole-milk  article,  though 
not  without  producing  a  sensibly  inferior  product. 

METHODS   OF  ANALYSIS. 

Obtaining  a  Representative  Sample. — Method  0}  the  A.  O.  A.  Ct — By 
llfleans  of  a  cheese-trier  remove,  if  possible,  three  cylindrical  plugs  from 
the  cheese  perpendicular  to  the  surface  and  in  length  equal  to  about  half 
the  thickness  of  the  cheese,  one  at  the  centre,  one  near  the  circumference, 
and  one  midway  between  the  two.  About  one  inch  in  length  is  cut  off 
from  each  plug  from  the  end  having  the  rind,  and  this  is  discarded.  The 
remaining  portions  of  the  plugs  are  then  finely  divided  and  mixed  as 
intimately  as  possible. 

In  place  of  the  plugs  a  narrow,  wedge-shaped  segment  may  be  cut  from 
the  cheese,  reaching  from  the  circumference  to  the  center,  the  portions 
near  the  rind  being  removed,  and  the  remainder  of  the  piece  being  finely 
divided  and  mixed  as  before.  Analyses  should  immediately  be  begun 
after  obtaining  the  sample. 

Determination  of  Water. — Two  or  three  grams  of  the  sample  are 

♦  Penn.  Laws,  1901,  Act.  95,  p.  128. 

t  U.  S.  Dcpt.  of  Agric,  Bur.  of  Chem.,  BuL  46,  p.  55. 
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carefully  weighed  in  a  tared  platinum  dish,  and  dried  to  constant  weight 
in  an  oven  at  100°  C.    The  loss  of  weight  is  reckoned  as  water.* 

DeterminatioD  of  Ash. — Ignite  the  residue  from  the  moisture  determina- 
tion at  a  low,  red  heat,  cool  in  a  desiccator,  and  weigh. 

Determination  of  Fat. — Lyikgoe's  Modified  Babcock  Method. — Weigh 
accurately  about  6  grams  of  the  sample  in  a  tared  beaker.  Add  10  cc. 
of  boiling  water,  and  stir  with  a  rod  till  the  cheese  softens  and  an  even 
emulsion  is  formed,  preferably  adding  a  few  drops  of  strong  ammonia  to 
aid  in  the  softening  and  emulsionizing,  and  keeping  the  beaker  in  hot 
water  till  the  emulsion  is  tolerably  complete  and  free  from  lumps. 

If  the  sample  is  a  full-cream  cheese,  which  is  usually  evident  from 
its  taste  and  appearance,  a  Babcock  cream-bottle  is  employed.  The 
contents  of  the  beaker,  after  cooling,  are  transferred  to  the  test-bottle 
as  follows:  Add  to  the  beaker  about  half  of  the  17,6  cc.  of  sulphuric 
acid  regularly  used  for  the  test,  stir  with  the  rod  and  pour  carefully  into 
the  bottle,  using  the  remainder  of  the  acid  in  two  portions  for  washing 
out  the  beaker.  Finally  proceed  as  in  the  regular  Babcock  test  for  milk. 
Multiply  the  fat  reading  by  18  and  divide  by  the  weight  of  the  sample 
taken  to  obtain  the  per  cent  of  fat. 

Wemer-Sckmidt  Method. — Boil  2  to  3  grams  of  the  sample  in  the 
Wcmer-Schmidt  tube  (p.  103)  with  5  cc.  of  water  and  10  cc,  of  con- 
centrated hydrochloric  acid  till,  with  constant  shaking,  ail  but  the  fat  is 
dissolved.  Cool,  add  25  cc.  of  ether,  and  shake  the  tube  well.  Draw 
oflf  as  much  as  possible  of  the  ether,  after  separation,  in  the  usual  mann^ 
and  extract  with  four  or  iive  additional  portions  of  the  solvent. 

Distil  off  the  ether  from  the  combined  extractions,  and  weigh  the  fat. 

Determination  of  Proteids. — From  i  to  2  grams  of  the  cheese  are 
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500-cc.  graduated  flask.  Treat  the  residue  with  repeated  portions  of 
100  cc.  each  of  water,  heating,  shaking,  and  decanting  as  above  till  the 
filtrate,  or  water  extract,  at  room  temperature  amounts  to  just  500  cc. 
exclusive  of  the  fat  floating  on  top,  and  use  aliquot  parts  of  this  water 
extract  for  the  various  determinations. 

Water-soluble  Nitrogen. — Determine  the  nitrogen  by  the  Gunning 
method  in  50  cc.  of  the  above  water  extract,  corresponding  to  2.5  grams 
of  cheese. 

Nitrogen  as  Paranuclein. — ^Add  5  cc.  of  a  1%  solution  of  hydrochloric 
acid  to  100  cc.  of  the  above  water  extract  (corresponding  to  5  grams  of 
cheese),  and  keep  the  tcmperalurc  at  50°  to  55°  till  the  separation  is  com- 
plete, as  showTi  by  a  clear  supernatant  liquid.  Fiher,  wash  the  precipi- 
tate with  water,  and  determine  the  nitrogen  therein  by  the  Gunning 
method. 

Nitrogen  as  Coagidable  Proteids. — Neutralize  the  fiUrate  from  the 
preceding  determination  with  dilute  potassium  hydroxide,  and  heat  at 
the  temperature  of  boiling  water  till  the  coagulum,*  if  any,  settles  com- 
pletely.    Fiher,  wash  the  precipitate,  and  determine  the  nitrogen  therein. 

Nitrogen  as  Caseoses. — Treat  the  filtrate  from  the  preceding  with  i  cc. 
of  50%  sulphuric  acid  saturated  with  C.  P.  zinc  sulphate,  and  warm  to 
about  70°  C.  till  the  caseoses  settle  out  completely.  Cool,  fiher,  wash 
with  a  saturated  solution  of  zinc  sulphate  acidified  with  sulphuric  acid, 
and  determine  the  nitrogen  in  the  precipitate. 

Nitrogen  as  Amides  and  Peptones. — Place  100  cc.  of  the  water  extract 
of  cheese  in  a  250-cc.  graduated  flask,  add  i  gram  of  sodium  chloride 
and  a  solution  containing  12%  of  tannin,  till  the  addition  of  a  drop  to 
the  clear  supernatant  licjuid  docs  not  further  precipitate.  Dilute  to  the 
250-cc.  mark,  shake,  pour  upon  a  dry  fiher,  and  determine  the  nitrogen 
in  50  cc.  of  the  fiUrate,  which  gives  the  amount  of  nitrogen  in  the 
amido-acid  and  ammonia  compounds.  Deduct  from  this  the  amount  of 
nitrogen  as  ammonia  separately  determined,  and  the  difference  is  the 
amido- nitrogen. 

Nurogen  as  jx^ptoncs  is  obtained  by  subtracting  the  sum  of  the  amounts 
of  nitrogen  as  paranuclein,  coagulable  proteids,  caseoses,  amido-bodies, 
and  ammonia  from  the  total  nitrogen  in  the  water  extract. 

Nitrogen  as  Ammonia. — Distil  100  cc.  of  the  filtrate  from  the  above 
lannin-salt  precipitation  into  standardized  acid,  and  titrate  in  the  usual 
manner. 


♦  According  to  Van  Slykc  a  precipitate  at  this  point  is  rare  in  cheese. 
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Nitrogen  as  Paracasein  Lactate. — Treat  the  residue  insoluble  in  water 
fir,  obtaining  the  water  extract,  with  several  portions  of  a  5%  solution 
of  sodium  chloride,  to  form  a  500-cc.  salt  extract  of  the  same,  in  an 
analogous  manner  to  that  employed  in  preparing  the  water  extract. 
Determine  the  nitrogen  in  an  aliquot  part  of  this  salt  extract. 

Determination  of  Lactic  Acid.* — Add  water  to  10  grams  of  the  cheese 
sample  at  40"  C.  till  the  volume  equals  105  cc.  Shake  and  filter.  Titrate 
25  cc.  of  the  filtrate  (equivalent  to  2.5  grams  of  cheese)  with  tenth-normal 
sodium  hydroxide,  using  phenolphthalein  as  an  indicator. 

Each  cubic  centimeter  of  decinormal  alkali  is  equivalent  to  0.009 
gram  lactic  acid. 

Determination  of  Hilk  Sugar. — Boil  25  grams  of  finely  divided  cheese 
with  two  successive  portions  of  about  100  cc,  each  of  water,  decant 
through  a  fiher,  and  finally  transfer  the  residue  upon  the  fiher  and  wash 
with  hot  water.  Make  up  the  entire  aqueous  extract  thus  obtained,  when 
cold,  to  250  cc,  and  determine  the  milk  sugar  by  either  Fehling  method. 

Detection  of  Foreign  Fat. — The  cheese  fat,  separated  in  the  manner 
described  below,  is  subjected  to  the  various  processes  detailed  under 
butter,  in  precisely  the  same  way,  the  fat  of  cheese  being  identical  wiih 
that  of  butter.  The  most  ready  means  for  judging  its  purity  consists 
in  determining  the  refraction  with  the  butyro-refractometer,  and  the 
Reichert  number. 

Separation  of  the  Fat  for  Examination. — Place  a  quantity,  say  25 
grams,  of  the  finely  divided  sample  in  a  large  Erlenmeycr  flask,  add  about 
100  cc.  of  petroleum  ether,  cork  the  flask  and  allow  it  to  stand  for  several 
hours  with  frequent  shaking.  Decant  the  petroleum  ether  through  a 
filter,  evaporate  ofE  the  solvent  by  the  aid  of  heat,  and  the  residue  will 
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If  the  fat  is  considerably  less  than  the  proteids,  the  cheese  has  undoubtedly 
been  made  from  skimmed  milk.  -The  following  analyses,  made  in  the 
writer's  laboratory,  illustrate  these  grades: 


Varieties  of  Cheese. 

Water.        .          Pat. 

Protcids.» 

Ash. 

Full  cream  (sofO 

37-63 
21.89 

55-95 
62.17 

72.80 

47-40 

38.00 
24.00 

15.20 

2.00 

13-70 

37-71 
,16.49 

21.36 
23-52 

1.27 
2.40 

\VlK)le  milk  (hard) 

Whole  milk  (soft) 

1.27 

1.68 

Skimmed  milk  (soft) 

Centrifugally  skimmed  milk  (soft).. 

♦  By  difference. 
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CHAPTER  Vn. 

FLESH    FOODS. 

MEAT. 

General  Structure  and  Composition. — ^Meat  is  structurally  made  up 
of  muscle  fibers,  held  together  by  connective  tissue,  through  which  fat 
cells  are  usually  more  or  less  abundantly  distributed.  Each  muscle  fiber 
has  a  sheath  or  covering  known  as  sarcolemma,  formed  of  an  albuminoid 
substance  similar  to  elastin,  and  within  the  fibers  are  contained  the  meat 
juices,  which  are  solutions  in  water  of  proteids,  non-proteid-nitrogenous 
extractives,  and  salts.  The  substance  of  the  connective  tissue  is  made 
up  largely  of  the  albuminoids  elastin  (insoluble)  and  collagen^  the  latter 
being  convertible  by  boiling  with  water  or  treatment  with  acids  into  gela- 
tin. The  proteids  of  the  meat  juices  consist  chiefly  of  the  globulin  myo- 
sin (by  far  the  most  abundant),  muscle  albumin^  and  the  muscle  pigment 
Juemoglobiny  or  a  substance  closely  analogous  thereto. 

In  the  living  muscle  there  are  no  peptones,  but  the  ferment  pepsin 
is  present.  After  death,  by  the  action  of  the  pepsin  in  presence  of  lactic 
acid,  a  portion  of  the  normal  proteids  of  the  muscle  undergoes,  as  it  were, 
digestion,  so  that  in  meat  both  peptones  and  proteoses  *  arc  found. 

The  non-proteid-nitrogenous  extractives  are  mainly  creatin,  xanthiny 
hypoxanthiny  and  carnin,  which,  from  their  basic  character,  are  known 
as  flesh  bases. 

The  approximate  proportions  in  which  the  chief  constituents  are  present 
in  meat  is  thus  shown  by  Konig : 

Water 75  .o  to  77 .0 

'  Sarcolemma  (muscle  fiber) 13.0  to  18.0 

Connective  tissue 2.0  to    5.0 

Albumin 0.6  to    4.0 

Creatin 0.07  to    O-34 

Hypoxanthin o.oi  to    0.03 

Creatinin 

Xanthin Undetermined 

Inosinic  acid 

Uric  acid 

Urea... 0.01  to    0.05 

*  A  proteose  or  albumose  known  as  myoalbumose  normally  exists  in  the  live  muscle. 
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Other  nitrogeD-[ree compounds.. 


Lactic  acid. . . 
Butyric  acid. . 
Acetic  acid. . . 
Formic  acid 

Glycogen 


Potash.  . 
Soda.... 


Oxide  of  iron 

Phosphoric  acid.  . 
Sulphuric  acid. . . 
Chlorine 


Nitrogen  compoiinds  constitute  by  far  the  most  abundant  and  im- 
portant portion  of  the  substance  of  lean  meat.  Carbohydrates  are  almost 
entirely  lacking,  the  small  amount  of  glycogen  and  muscle  sugar  togethei 
constituting  rarely  more  than  i  per  cent. 

Glycogen  {C,H,o06)f  sometimes  called  animal  starch,  b  a  white,  amor- 
phous, tasteless,  and  odorless  substance,  when  pure,  much  resembling 
starch.  It  b  soluble  in  water,  forming  an  opalescent  solution,  and  is 
insoluble  in  ether  and  alcohol.  With  iodine  a  port-wine  color  is  pro- 
duced, which  disappears  on  heating  and  reappears  on  cooling.  Glycogen 
is  strongly  dextro- rotary.  It  is  converted  to  dextrose  by  boiling  with 
dilute  mineral  acid. 

Muscle  Sugar  is  either  entirely  absent  m  the  living  muscle,  or  exists 
in  traces  only.  After  death  it  is  formed  presumably  from  the  glycogen, 
and  exists  in  a  very  minute  quantity,  probably  as  dextrose. 

Inosiie  {C^„0,+  H,0)  is  found  in  traces  in  the  muscular  substance  of 
the  heart,  liver,  kidneys,  and  testicles. 
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LNeck 

9.  Narel 

8:  Chuck 

10.  Loin 

SwRibe 

XL  Flank 

4.  Shoulder  clod 

12.  Rump 

A.  Fore  shaok. 

l\  Round 

a  Brisket 

14.  Second  cut  round 

7.  Crow  ribs 

Ix  Htnd  shank 

ft.  Plate 

Fig.  51. — Diagram  Showing  Cuts  of  Beef. 
COMPOSITION  OF  BEEF. 


Cut. 


Chuck:  Lean —      edible  portion. 

as  purchased.  . 


Medium — edible  portion. 

as  purchased.. 

edible  portion. 

as  purchased. . 

edible  portion. 

as  purchased . . 
Medium — edible  portion. 

as  purchased . . 

edible  portion. 

as  purchased. . 

edible  portion. 

as  purchased . . 
Medium — edible  jx^rtion. 

as  purchased. . 
Fat —         edible  portion. 

as  purchased . . 
Rump:   Lean —      edible  portion. 

as  purchased . . 
Medium — edible  jK)rtion. 

as  purchased . . 

edible  portion. 

as  purchased. . 
Round:  Lean —      edible  portion. 

as  purchased . . 
Medium — edible  portion. 

as  purchased. . 
Fat —         edible  ix)rtion. 

as  purchased . . 


Fat- 
Ribs:      Lean — 


Fat- 
Loin:     Lean — 


Fat- 


Num- 
ber of 
Anal- 
jrses. 


Refuse. 


a 

4 

4 

4 

3 
6 

6 

15 
15 

9 

8 

12 
II 

32 

32 

6 

6 

4 

3 
10 

10 

5 

5 

31 
29 

18 

14 

5 

3 


19-5 
15.2 


14.7 
22.6 


Water. 


20.8 


16.8 


I3-I 


10.2 
14.0 


20.7 
23.0 


8.1 


7.2 
12.0 


71-3 
57-4 
68.3 

57-9 
62.3 

53-3 
66.0 

52.6 

55-5 
43-8 
48.5 
39-6 
67.0 
58.2 
60.6 

52.5 

54.7 
49.2 

65.7 
56.6 

56-7 
45-0 
47.1 
36.2 
70.0 
64.4 

65.5 
60.7 

60.4 

54.0 


Protein. 


NX 
6.25. 


20.2 

16.3 

19.6 

16 

18 


15 
16 


6 

5 
9 

5 

2 

5 

9 

o 

7 

7 
I 


15 

17 

13 

15 
12 

19 
17 
18.5 
16. 1 

17.5 

15-7 
20.9 

19. 1 

17-4 
13.8 

16.8 

12.9 


Di£lei 


ence. 


21. 
19. 
20. 
19. 
19. 

17- 


3 

5 

3 
o 

5 
5 


9.5 

5.7 
8.9 

6.0 

8.0 

5-4 
6.9 

4.8 

7-0 

3-5 


2 

4 

3 

7 
8.2 

5-8 
6.8 

5-0 
9.6 

7-5 
6.9 

3-4 
6.4 

2.6 

i.o 

9.2 
9.8 

8.3 
9.1 

7.1 


Fat. 


Ash. 


8.2 

6.6 

II. 9 

10. 1 

18.8 

15-9 
9.8 

9-3 
26.6 

21.2 

35-6 
30.6 
12.7 
ir.i 
20.2 

175 
27.6 

24.8 
13-7 

II. o 

25-5 
20.2 

35 
27 


7 
6 


7 

7 

13 


9 

3 
6 


12.8 

19-5 
16. 1 


1.0 
0.8 
0.9 
0.8 
0.9 

0.7 
0.8 

0-7 
0.9 

0-7 
0.7 

0.6 

1.0 

0.9 

1.0 

0.9 

0.9 

0.8 

1.0 

0.9 

0.9 

0-7 
0.8 

0.6 

I.I 

1.0 

I.I 

1.0 

1.0 

0.8 


Fuel 
Value 

per 
Pound. 

Cals. 


720 
580 
865 

735 

"35 

965 
790 

675 

1450 

"55 
1780 

1525 
900 

785 

1 190 
1040 
1490 

1305 
965 
820 

1400 

mo 

1820 

1405 

730 
670 

950 

895 
1185 

1005 
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Flo.  51. — Di^raiD  Showing  Cuts  of  Veil. 


COMPOSITION  OF  VEAL. 


Cut. 

(Juro- 

Rsfun 

WiLUr 

Protdn. 

Fftt. 

Aih. 

v^ 

S' 

^A 

™^- 

Chuck:  Lean—      edible  portion. . 

aspun-hased... 

Medium— edible  portion.. 

6 

19.0 

73-3 

'9-7' 

10.6 
.6.7 

6-5 

0.9 

640 

^H 
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l.Neck 

5.  Chuck 

3.  Shoulder 
4. Flank 

6.  Loin 
6.  Leg 


Fig.  53. — ^Diagram  Showing  Cuts  of  Mutton. 
COMPOSITION  OF  MUTTON  AND  LAMB. 


Num- 
ber of 
Anal- 
yses. 

Refuse. 

Water. 

Protein. 

Fat. 

Ash. 

Fuel 
Value 

per 

Pound. 

Cals. 

Cut. 

NX 
6.25. 

Difier- 
ence. 

Mutton. 
Chuck:  Lean —      edible  portion . . 

as  purchased . . . 
Medium — edible  portion . . 

as  purchased 

Fat —         edible  jwrtion . . 

as  purchased 

Loin:      Medium — edible  portion . . 

as  imrchased . . . 

Fat —         edible  i:)ortion . . 

as  purchased. . . 

Flank:    Medium — edible  fwrtion. . 

as  purchased 

Leg:        Lean —      edible  i)ortion . . 

as  purchased . . . 

Medium — edible  jwrtion . . 

as  purchased . . . 

Lamb. 

Chuck:                     edible  portion . . 

as  purchased... 
Leg:        Medium — edible  jxjrtion.. 

as  purchased 

Fat —         edible  portion . . 

as  purchased 

Loin :                        edi ble  [)ortion . . 

as  purchased... 

I 
I 
6 
6 

2 
2 

13 
12 

3 

3 
8 

2 

3 

3 
II 

II 

I 
I 
2 
a 
I 
I 

4 

4 

19-S 

21.3 

"16.1' 
16.0 

II. 7 

9.9 

18.4 

19. 1 
17.4 

13.4 
14.8 

64.7 

52.1 

50-9 

39.9 
40.6 

33.8 
50.2 
42.0 

43-3 

38.3 
46.2 

39-0 
67.4 

56.1 
62.8 
51-2 

56.2 

45-5 

63.9 

52-9 
54.6 

47.3 
53-1 
45-3 

17.8 

14.3 

15. 1 
II. 9 

13-9 
II. 6 

16.0 

13-5 
M-7 
13.0 
15.2 
13.8 
19.8 

16.5 
18.5 
I5-I 

19. 1 

15-4 
19.2 

159 
18.3 
15.8 
18.7 
16.0 

18. 1 

14.5 
14.6 

"•5 

13.7 

II-5 

15-9 

13-0 
14.2 

12.5 
14.8 

13.6 

19. 1 

15-9 
18.2 

14.9 

19.2 

15-5 
18.5 
15-2 
17. 1 
14.8 
17.6 

15-0 

16.3 
13-I 
33-6 
26.7 
44.9 

37.5 
33'^ 
28.3 

41-7 
36.8 

38-3 

36.9 
12.4 

10-3 
18.0 

14-7 

23.6 

19. 1 

16.5 

13-6 

27.4 

23-7 
28.3 

24.1 

O.Q 
0.8 
0.9 
0.6 
0.8 

0-7 
0.8 

0-7 
0.8 

0-7 
0.7 
0.6 
I.I 
0.9 
1.0 
0.8 

1.0 
0.8 
I.I 
0.9 
0.9 
0.8 
1.0 
0.8 

1020 

820 

1700 

1350 

2155 
1800 

1695 

1445 

2035 

1795 
1900 

1815 
890 
740 

1 105 
900 

1350 
1090 

1055 
870 

1495 
"95 
1540 

1315 
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Fig.  54. — Diagram  Showing  Cuts  of  Pork. 
COMPOSITION  OF  PORK.  POULTRY,  AND  GAME. 
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Characteristics  of  Sound  Heat. — The  reaction  of  meat  should  be  acid. 
If  neutral  or  alkaline,  decomposition  is  indicated,  except  that  alkalinity 
may  be  due  to  the  use  of  alkaline  salts  as  preservatives. 

Letheby  *  gives  the  following  characteristics  of  sound,  fresh  meat.  In 
color  it  is  neither  pale  pink  nor  deep  purple,  the  former  indicating  that 
the  animal  was  aflFected  with  some  disease,  and  the  latter  that  it  died  a 
natural  death,  and  was  not  slaughtered.  In  appearance  it  is  marbled, 
due  to  the  presence  of  small  veins  of  fat  distributed  among  the  muscles. 
In  consistency  it  is  firm  and  elastic  to  the  touch,  and  should  hardly  moisten 
the  finger;  a  wet,  sodden,  or  flabby  consistency  with  a  jelly-like  fat  is 
indicative  of  bad  meat.  As  to  odor,  it  is  practically  free ;  whatever  odor 
there  is  should  not  be  disagreeable;  a  sickly  or  cadaverous  smell  is  indica- 
tive of  diseased  meat.  After  standing  for  a  day  or  so,  it  should  not  become 
wet,  but  on  the  contrary  should  grow  drier.  When  dried  at  100°  C.  it 
should  not  lose  more  than  70  to  74  per  cent  in  weight;  unsound  meat 
frequently  loses  80%  or  more.     It  should  shrink  very  little  in  cooling. 

Inspection  of  Meat. — WTiile  carefully  drawn  laws  exist  almost  every- 
where relating  to  the  sale  of  meat,  and  government  inspectors  are  ap- 
pointed to  carry  out  the  requirements  of  the  laws,  yet  in  this  country  there 
is  undoubtedly  some  meat  unfit  for  food  on  the  market,  owing  to  the 
small  number  of  inspectors,  and  the  consequent  comparative  safety  with 
which  unscrupulous  dealers  may  sell  meats  forbidden  by  law  and  escape 
d.ttTtion.  A  far  more  rigid  system  of  meat  inspection  is  in  force  in 
Europe  than  in  the  United  States,  especially  in  Germany. 

Unwholesomeness  of  Meat  may  be  due  to  a  diseased  condition  of  the 
animal  while  alive,  or  to  poisonous  or  injurious  toxins  developed  by 
the  action  of  bacteria  after  death.  In  the  first  case,  the  diseased  conditions 
may  be  due  to  temporar}-  causes  only,  or  to  the  presence  of  animal  parasites, 
such  as  trichinx  in  pork,  or  as  the  result  of  pathogenic  bacteria,  causing 
such  serious  diseases  as  tuberculosis,  anthrax,  glanders,  etc.  It  thus 
reciuires  much  skill  and  judgment  on  the  part  of  the  meat-inspector 
to  correctly  pass  upon  the  suitability  for  food  of  the  various  meats  as 
they  appear  on  the  market.  Coplin  and  Be  van  f  give  in  detail  useful 
data  regarding  the  inspection  of  meat,  as  well  as  of  the  animal  before 
slaughtering,  showing  the  requisite  size,  weight,  age,  conditions  of  heaUh 
etc.,  that  should  obtain.  The  detailed  physical  and  microscopical  exami- 
nation involved  in  such  inspection  is,  however,  rarely  germane  to  the 
work  of  the  public  food  analyst,  and  will  not  be  treated  of  in  this  manual. 

♦Lectures  on  Food,  p.  210.  f  Pi^^tical  Hygiene,  pp.  130-157. 
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It  is  also  beyond  the  scope  of  the  present  work  to  treat  of  the  harmful 
toxins  developed  by  bacterial  action  in  meat  and  fish,  causing  what  is 
known  as  ptomaine  poisoning.  The  work  of  detecting  and  isolating 
such  poisons  conies  within  the  province  of  the  bacteriobgist  and  biolo- 
gist, rather  than  that  of  the  chemist,  involving  many  experiments  upon 
guinea-pigs,  rabbits,  or  other  animals  not  usually  found  in  the  chemist's 
laboratory.  It  has  furthermore  been  recently  shown  by  Vaughn  and 
Novy  *  that  even  when  these  toxins  are  present  in  foods  in  sufficient 
quantity  to  produce  serious  resuhs,  very  considerable  amounts  of  the 
food  must  be  taken  in  order  to  isolate  them  by  chemical  means,  more, 
in  fact,  than  is  usually  available  for  analysis. 

For  the  general  inspection  of  meats  for  animal  parasites,  poisonous 
toxins,  etc.,  the  reader  is  referred  to  such  works  as  those  of  Vaughn  and 
Novy,  FischOder,  Walley,  Andrews,  Cobbold,  and  Salmon  as  cited  in  the 
references  on  page  202. 

U.  S.  Stand8rds.t — Standard  Meat  is  any  sound,  dressed,  and  properly 
prepared  edible  part  of  animals  in  good  health  at  the  time  of  slaughter. 
The  term  "animals"  as  herein  Used  includes  not  only  mammab,  but 
fish,  fowl,  crustaceans,  mollusks,  and  all  other  animals  used  as  food. 

Standard  Fresh  Meat  is  meat  from  animals  recently  slaughtered,  or 
preserved  only  by  refrigeration. 

Standard  Salted,  Pickled,  and  Smoked  Meals  are  immixed  meats  pre- 
served by  sah,  sugar,  vinegar,  spices,  or  smoke,  singly  or  in  combination, 
whether  in  bulk  or  in  packages. 

Standard  Manufactured  Meats  are  meats  not  included  in  the  above 
divisions,  whether  simple  or  mixed,  whole  or  comminuted,  with  or  without 
the  addition  of  salt,  sugar,  vinegar,  spices,  smoke,  oils,  or  rendered  fat, 
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Refrigeration  may  consist  (i)  in  actually  freezing  the  meat,  in  which 
condition  it  may  be  kept  without  decomposition  almost  indefinitely,  until 
finally  thawed  for  use,  or  (2)  in  keeping  the  meat  at  or  near  the  temperature 
of  freezing  without  actually  congealing  it,  as  is  done  by  the  use  of  the 
ordinary  refrigerator.  The  second  method,  while  much  less  efficacious 
than  the  first,  serves  to  prevent  decomposition  for  a  considerable  time; 
it  furthermore  does  not  impair  the  flavor  of  the  meat  to  any  such  extent 
as  the  method  of  actual  freezing. 

Curing  consists  in  subjecting  the  meat  to  various  processes  of  drying, 
smoking,  pickling,  Coming,  etc.,  or  to  a  combination  of  these  processes. 
In  simple  drying,  the  meat  is  subjected  to  the  heat  of  the  sun  or  to  artificial 
heat.  In  smoking,  which  is  commonly  practiced  on  beef  and  ham,  the  meat, 
which  may  or  may  not  be  first  salted  or  otherwise  treated,  is  exposed  for 
some  time  to  the  smoke  of  burning  beech  or  hickory  wood,  during  which 
it  becomes  to  some  extent  impregnated  with  the  antiseptic  properties  of  the 
creosote  and  pyroligneous  acid,  at  the  same  time  being  dried  by  the  heat 
of  the  burning  wood.  In  some  cases  best  results  are  obtained  by  a  slow 
smoking  at  a  comparatively  low  temperature,  while  in  others  quick,  hot 
smoking  is  found  most  efficacious.  The  character  of  the  meat  is  decidedly 
changed  by  smoking,  and,  according  to  Utescher,  smoked  meat  is  always 
alkaline  in  reaction.  In  pickling,  the  meat  may  be  treated  with  dry 
salt  and  subjected  to  pressure,  so  that  the  meat  juice  forms  the  liquid 
for  the  brine,  in  which  it  is  allowed  to  remain  for  some  time;  or,  as  in 
the  ordinary  process  of  corning,  the  beef  is  soaked  for  some  days  in  a 
strong  solution  of  salt  to  which  a  little  saltpetre  (KNO3)  has  been  added. 
In  the  process  of  pickling,  the  salts  from  the  brine  slowly  diffuse  into 
the  interior  of  the  meat  by  osmosis,  a  part  of  the  soluble  albumin  passing 
out  into  the  brine.  The  effect  of  the  saltpetre  is  to  preserve  the  natural 
red  color  of  the  meat,  which  by  the  action  of  salt  alone  becomes  destroyed, 
or  at  least  impaired. 

Bacon  and  ham  are  frequently  cured  by  pickling  in  brine  containing 
salt,  saltpetre,  and  cane  sugar,  and  sometimes  also  such  antiseptics  as 
boric  acid  and  calcium  bisulphite.  A  common  pickling  fluid  used  for 
this  purpose  consists  of  55  lbs.  salt,  5  lbs.  saltpetre,  5  lbs.  antiseptic  (boric 
acid),  and  5  lbs.  cane  sugar,  in  sufficient  water  to  make  up  20  gallons. 

The  curing  of  bacon  is  sometimes  effected  by  injecting  the  pickling 
fluid  into  the  tissues  with  a  '* pickle-pump,"  capable  of  exerting  a  pressure 
of  40  lbs.  to  the  square  inch,  and  provided  with  a  hollow,  perforated  needle- 
nozzle,  which  penetrates  the  flesh.      After  pickling,  the  bacon  or  ham 
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may  be  simply  dried,  or,  if  desired,  smoked.  Oak  sawdust  is  frequently 
burned  for  the  smoking  of  ham. 

Tbe  Use  of  Antiseptics  in  Meat. — Most  of  what  might  be  termed 
the  modem  preservatives  are  to  be  looked  for  in  one  or  another  of  the 
various  meat  preparations,  though  some  are  better  adapted  than  others 
for  use  in  particular  cases,  as  will  be  seen  by  reference  to  the  composition 
of  typical  commercial  preservative  mixtures  given  on  page  663. 

Boric  Acid  and  Borax,  usually  in  mixture,  are  by  far  the  most  popular 
and  widely  used  preservatives  in  connection  with  meat.  Like  salt,  they 
are  used  commonly  in  surface  application,  in  the  case  of  large  cuts  of  meat, 
or  by  mixing,  in  the  case  of  sausage  meat.  A  more  recent  method  of 
application  consists  in  impregnating  the  tissue  of  the  meat  with  a  solution 
of  the  boric  mixture,  by  means  of  the  above-described  pickle-pump.  In 
the  curing  of  bacon,  boric  acid  and  borax  are  of  late  being  used,  to 
displace  part  of  the  salt,  thus  yielding,  it  is  claimed,  a  softer,  fresher,  and 
more  palatable  product. 

Sulphurous  Acid. — As  much  as  i%ofasolution  of  sulphurous  acid  may 
be  added  to  meat  without  being  apparent  to  the  taste  or  smell.  Mitchell 
quotes  Fischer  as  having  found  that  50%  of  the  preserved  meat  products 
(sausages,  etc.)  sold  in  Bresiau  in  1895  contained  sulphites,  varying  in 
amount  from  0.01  to  0.34  per  cent  of  sulphur  dioxide.  Calcium  bisulphite 
is  a  salt  commonly  employed. 

Salicylic  Acid  b  not  of  such  common  occurrence  in  meat  products 
as  the  other  antiseptics  mentioned.  The  writer  has  found  it  in  prepared 
mince- meat. 

The  toxic  effects  of  the  presence  of  these  and  other  antiseptic  chemi- 
cals in  meats,  and  the  most  practical  means  of  controlling  their  use  are 


FLESH  FOODS.  175 

ing  water,  there  is  less  loss  of  soluble  matter  by  reason  of  the  formation 
of  a  more  or  less  impenetrable  coating  on  the  outside,  by  the  coagulation 
of  the  albuminoids.  Meat  that  is  boiled  becomes  softer,  owing  to  a  par- 
tial dissolving  of  the  gelatin  formed.  In  the  dry  cooking  of  meat,  as 
by  broiling  or  roasting,  there  is  usually  a  hardening  of  the  tissues,  and 
a  driving  out  of  some  of  the  meat  juices,  which  are  however,  often  recovered 
in  the  form  of  gravies. 

Canning  of  Meat. — By  far  the  most  effective  method  of  preserving 
meat  and  meat  preparations  of  all  kinds  for  long  periods  of  time  con- 
sists in  the  application  of  the  principle  of  sterilizing  by  heat,  and  sealing 
in  air-tight  cans.  The  process  of  canning  cooked  meat  and  its  products 
does  not  differ  materially  from  that  employed  in  the  similar  preparation 
of  vegetables.  (See  Chapter  XIX.)  Previous  to  canning,  the  meats 
are  usually  cooked  by  roasting,  boiling,  or  steaming,  during  which  process 
the  changes  described  in  the  preceding  paragraph  take  place. 

Many  brands  of  canned  beef,  veal,  tongue,  ham,  chicken,  fowl,  and 
game  found  on  the  market  are  honest  preparations,  and  true  to  the 
names  on  their  labels.  On  the  other  hand,  there  are  constantly  to  be 
found  examples  of  substitution  of  one  meat  for  another,  especially  in 
spiced  or  highly  seasoned  chopped  mixtures.  Many  varieties  of  the 
so-called  potted  and  devilled  meats  and  game,  for  example,  often  con- 
sist wholly  or  in  part  of  a  much  cheaper  variety  than  that  specified  on 
the  label.  The  substitution  of  the  fat  of  cheaper  grades  of  meat,  such 
as  that  of  beef  and  pork  in  patfe  and  purees  of  fowl  and  game,  is  also 
common.  Indeed,  it  is  largely  among  the  canned  meats  and  prepared 
meat  products  that  instances  of  adulteration  are  to  be  found,  since  the 
fresh  meats  in  whole  cuts,  excepting  in  so  far  as  treatment  with  preser- 
vatives is  concerned,  rarely  come  into  the  hands  of  the  food  analyst  for 
examination  as  to  purity. 

Preservatives  are  sometimes  added  to  canned  meats,  especially  in 
the  case  of  dried  and  smoked  beef,  ham  and  bacon,  and  in  the  potted 
and  devilled  mixtures.  Boric  acid,  benzoic  acid,  and  sulphites  have 
been  found  in  these  preparations. 

Composition  of  Canned  Meats. — The  following  table,  compiled  from 
results  published  by  Bigelow  and  others,*  shows  the  composition  of 
various  of  the  most  common  canned  and  preserved  meats  and  meat 
products,  and  in  one  or  two  instances  fresh  meat  has  been  included  for 
comparison. 

*  U.  S.  Dept.  of  Agric,  Bur.  of  Chcm.,  Bulletin  13,  part  10. 
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Sausages. — Nature  and  Composition. — Sausages  are  made  from  finely 
chopped  meat,  highly  seasoned  with  various  spices,  and,  as  usually  sold, 
stuffed  into  casings  made  of  the  cleaned  and  prepared  intestine-skin  of 
cattle,  sheep,  or  hogs.  The  meat  most  commonly  used  is  pork.  Sau- 
sages are  frequently  home-made,  especially  in  farm  communities,  the 
chopped  and  seasoned  meat  being  stuffed  in  cloth  bags  instead  of  casings. 
Any  and  all  kinds  of  meat  arc  used  in  sausages,  and  much  that  is 
undesirable  and  even  unwholesome  is  undoubtedly  most  readily  used  up 
in  this  product.  There  is  little  doubt  that  horse  meat  occasionally 
gets  into  the  hands  of  the  marketmen  to  be  w^orkcd  up  in  the  form 
of  sausages  mixed  with  other  meat.  Sausages  arc  sometimes  artificially 
colored,  and  in  some  cases  contain  so-called  ** fillers''  in  the  nature  of 
dried  bread,  com  and  potato  starch,  crackers,  waste  biscuit,  boiled  rice, 
etc.  The  alleged  use  of  these  fillers  is  for  the  purpose  of  absorbing 
moisture,  but  they  are  undoubtedly  used  as  cheapeners. 

CHEMICAL  COMPOSITION  OF  SAUSAGES.* 


No.  of 
Analy- 
ses. 

Ref- 
use. 

Water. 

Protein. 

Fat. 

Total 
Carbo- 
hy- 
drates. 

Ash. 

Kind. 

NX  6.2s 

Differ- 
ence. 

Fuel 

Value, 

Cals. 

Farmer:    edible  portion . . . 

as  purchased 

Pork :         as  purcha.sed 

Bolof^a:  edible  portion. . . 

as  purchased. 

Frankfort  :as  purchased 

I 

I 

II 

8 

4 
8 

3-9 
3-3 

23.2 

22.2 

39.8 
60.0 

55-2 
57.2 

29.0 

27-9 
13.0 

18.7 

18.2 

19.6 

27.2 
26.-2 
12.7 
18.4 
18.0 
19.7 

42.0 
40.4 
44.2 
17.6 
19.7 
18.6 

I.I 
0-3 

I.I 

7.6 

7-3 
2.2 

3-7 
3-8 
3-4 

2310 
2225 
2125 

1095 
1 1 70 

1 1 70 

♦  U.  S.  Dept.  of  Agric,  Off.  of  Exp.  Stations.  Bui.  28  (Revised  Ed.). 


Artificial  Coloring  Matter  in  Sausages. — Owing  to  the  rapid  color 
changes  which  freshly  chopped  meat,  especially  beef  and  mutton,  natu- 
rally undergo,  it  is  a  common  practice  to  employ  powdered  nitre  or  salt- 
petre to  preserve  the  fresh  color.  As  much  as  4  ounces  of  nitre  to  100  lbs. 
of  meat  Is  sometimes  used.  A  larger  quantity  would  result  in  a  shriveled 
appearance.  The  use  of  artificial  colors  is  also  common,  in  order  to 
permanently  dye  the  flesh  a  bright  red,  similar  to  the  tint  which  the  oxy- 
hacmoglobin  naturally  imparts  to  the  beef,  when  fresh.  A  variety  of  colors 
are  employed  for  this  purpose,  such  as  red  ochre,  coal-tar  dyes,  cochineal, 
etc. 
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ANALYTICAL  METHODS. 

In  analyzing  meats  and  meat  products  due  regard  must  be  paid  to 
their  perishable  nature,  and,  for  this  reason,  immediately  after  their 
receipt  by  the  analyst  the  various  deteiminations  should,  if  possible,  be 
promptly  begun  and  rapidly  carried  out.  If  delays  are  absolutely  necessaiy, 
the  samples,  as  well  as  some  of  the  solutions,  especially  during  the  earlier 
course  of  the  analysis,  should  be  kept  on  ice  to  prevent  decomposition. 
Refuse  material,  such  as  bones,  skin,  gristle,  etc.,  are  separated  as  com- 
pletely as  possible  by  means  of  a  knife  from  the  edible  portion,  and  the 
latter,  cut  first  into  small  pieces,  is  passed  through  a  sausage-machine 
or  ordinary  household  meat-chopper,  in  order  to  reduce  to  a  homc^encous, 
finely  divided  mass. 

Determination  of  Water. — From  i  to  3  grams  of  the  finely  divided 
material  are  weighed  in  a  tared  platinum  dish,  and  dried  to  constant 
weight  at  a  temperature  of  100°  C,  in  an  air-oven.  A  slight  oxidation 
of  the  fat  may  introduce  a  trifling  error,  but,  excepting  for  the  most  exact 
work,  where  the  drying  should  be  accomplished  in  an  atmosphere  of 
hydrogen,  or  in  vacuo,  the  above  method  is  sufficiently  close. 

Determination  of  Ash. — The  residue  from  the  total  solids  is  incinerated 
in  the  original  dish  over  the  free  flame  at  a  low  red  heat,  or  in  a  muffle, 
adding  if  necessary,  at  inter\'als,  a  yery  little  powdered  ammonium  nitrate. 
A  perfectly  white  ash  is  difficult  to  obtain. 

Determination  of  Fat. — About  two  grams  of  the  sample  are  carefully 
weighed  in  a  tared  Schlcicher-and-SchuU  Soxhlet  shell,  which,  after  drj'ing 
in  the  air-oven  at  100°,  is  transferred  to  an  extraction  apparatus  and  sub- 
jected to  continuous  extraction  for  at  least  sixteen  hours  with  anhydrous 
ether,  or  pure  [Krlrolcum  ether,     ll  is  impossible  to  extract  all  ihe  fat  in 
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Detennination  of  Total  Nitrogen. — Two  grams  of  the  sample  arc 
treated  according  to  the  Gunning  method  (page  6i).  If  by  a  qualitative  test 
nitrates  are  present  (as  in  the  case  of  corned  beef  and  similar  preparations), 
the  modified  Gunning  method,  including  the  nitrogen  of  nitrates,  is  em- 
ployed (page  63).  While  in  the  case  of  meat  the  time-honored  custom  of 
representing  the  total  protein  or  nitrogenous  substances  by  NX6.25  is  by 
no  means  strictly  accurate,  considering  the  wide  variation  in  nitrogenous 
content  of  the  various  compounds  present,  a  fairly  close  approximation  to 
the  total  nitrogenous  substance  present  is  obtained  by  using  this  factor, 
since  ihc  proteids  form  by  far  the  largest  group  of  all.  The  factors  to  be 
cmjiloyed  in  the  calculation  of  the  flesh  bases  arc  given  elsewhere  (page  184). 

Separation  and  Examination  of  nitrogenous  Bodies. — Just  how  far  the 
analyst  should  subdi\'ide  the  various  nitrogenous  bodies  present  in  meat 
depends  largely  on  the  importance  of  the  case  in  hand.  Frequently  the 
simple  determination  of  total  nitrogen  as  above  is  sufficient.  It  is  rarely 
necessarj'  to  go  further  than  to  divide  the  nitrogenous  bodies  into  several 
main  groups,  according  to  their  solubility  in  water  or  other  solvents,  and 
tlieir  behavior  toward  certain  reagents. 

Knorr's  Method  *  consists  in  extracting  a  weighed  portion  of  the 
finely  divided,  fat-free  sample  with  strong  alcohol,  which  dissolves  the 
meat  bases,  but  not  the  proteids.  With  the  meat  bases  are  also  dissolved 
of  course  the  minute  quantity  of  lactic  acid,  inosite,  and  glycogen  which 
the  meal  contains.  The  alcoholic  extract  is  dried  and  weighed,  and  the 
nitrogen  determined  in  the  residue  from  this  extraction.  A  fresh  portion 
of  the  sample  is  then  extracted  repeatedly  with  cold  water,  which  removes 
bolh  the  soluble  albumin  and  the  meat  bases.  The  residue  from  the 
water  extract    is   then   dried    at    100°  and  weighed.      On   filtering  the 
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The  nitrogen  may  be  determined  separately  in  each  of  these  classes, 
and  by  the  approximate  factor  the  corresponding  nitrogen  substance,  or 
class  of  substances  ascertained. 

General  Scheme  for  Separation. — In  order  to  separate  most  completely 
the  various  classes  of  nitrogenous  bodies  found  in  meat,  a  portion  of  the 
fat-free  sample  should  first  be  exhausted  with  cold  water,  which  removes 
the  soluble  proteids  (albumin,  proteose,  and  peptones),  leaving  behind  the 
insoluble  globulins,  the  sarcolemma,  the  albuminoids  of  the  connective 
tissue  (clastin,  etc.,  also  insoluble),  and  the  collagen.  By  next  exhausting 
with  boiling  water  the  collagen  is  removed  in  the  form  of  soluble  gelatin. 

By  treatment  of  the  combined  aqueous  extract  (i)  with  bromine  in 
connection  with  hydrochloric  acid  or  z'nc  sul{  hate,  or  (2)  \vi;h  phosj^ho- 
tungstic  and  tannic  acids,  as  hereafter  ex[)lained,  the  soluble  proteids,  in- 
cluding the  peptones  and  gelatin,  may  be  separated  from  the  meat  bases. 

In  obtaining  the  results  from  which  the  table  on  page  176  was  com- 
piled,* but  three  divisions  of  nitrogenous  substances  were  made,  viz.^ 
(i)  those  insoluble  in  hot  water;  (2)  those  precipitated  from  the  water 
extract  by  bromine;  and  (3)  the  flesh  bases. 

Nitrogenous  Substance  of  the  Meat  Fiber.  —  About  2  grams  of  the 
finely  divided  sample  accurately  weighed,  are  first  extracted  with  ether, 
and,  after  boiling  in  water  for  some  minutes,  the  mixture  is  transferred 
to  a  Gooch  crucible  or  filter-plate,  and  further  extracted  with  hot  water  till 
all  soluble  matters  are  removed.  Determine  the  nitrogen  in  the  insoluble 
residue  by  the  Gunning  method.  NX  6. 25  =  the  nitrogenous  substance 
of  the  meat  fiber,  including  the  coagulated  proteids  and  globulins. 

If  the  sample  is  first  thoroughly  exhausted  with  cold  water  before  the 
hot- water  extraction  as  above,  the  coagulable  albumin  is  removed,  and, 
if  it  is  desired,  the  nitrogen  may  be  separately  determined  in  the  cold-  and 
hot-water  extracis,  thus  separating  the  albumin  from  the  gelatinoids.f 

Determination  oj  Proteoses,  Peptones,  and  Gelatin.X — The  entire  fil- 
trate from  the  meat  fiber  containing  all  the  water-soluble  extractives,  as 
obtained   in   the    preceding  paragraph,   is  evaporated  to   small   volume. 


*  U.  S.  Dept.  of  Agric,  Bur.  of  Chcm.,  Bui.  65;  also  Bui.  13,  p.  1396. 

t  The  difTcrencc  l)ct\vccn  direct  extraction  with  hot  water  and  successive  extraction 
first  with  cold  water  and  then  with  hot  should  be  clearly  borne  in  mind.  If  treated  at  once  with 
hot  water,  the  albumin  is  coagulated  and  left  behind  in  the  meat  with  the  meat  fiber  and 
globulins,  while  the  collagen  is  rendered  soluble  and  removed.  By  cold-water  extraction 
at  the  beginning,  the  albumin  is  removed  and  the  collagen  left  behind.  Treatment  first 
with  cold  and  then  with  hot  water  is  the  only  means  of  removing  all  water-soluble  material. 

X  U.  S.  Dept.  of  Agric,  Division  of  Chemistry,  Bulletin  54. 
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If  cold  water  is  first  used  for  extraction  before  treatment  with  the  hot 
water,  a  turbidity  will  result  on  heating,  due  to  coagulation  of  the  albumin. 
In  this  case  the  extract  should  be  Altered,  the  clear  solution  transferred  to 
a  Kjeldahl  flask  and  acidulated  strongly  with  hydrochloric  acid,  after 
which  2  cc.  of  liquid  bromine  are  added  and  the  contents  thoroughly 
shaken.  If,  after  shaking,  all  the  bromine  has  been  absorbed,  more 
should  be  added,  so  that  after  saturation  two  or  three  drops  of  bromine 
are  left  undissolved.  Allow  the  mixture  to  stand  over  night,  during  which 
alt  the  precipitate  will  have  settled  out.  Decant  the  supernatant  liquid 
through  a  filter,  and  wash  the  residue  in  the  flask  by  shaking  several 
times  with  added  water,  depending  upon  the  excess  of  bromine  to  saturate 
the  wash-water,  and  decanting  the  wash-water  through  the  filter.  Finally 
return  the  filter  to  the  original  fiask  with  the  washed  residue,  and  determine 
the  nitrogen  by  the  Gutming  method.  Nx6.25=-combined  proteose, 
peptone,  and  gelatin.  This  method  does  not  give  absolutely  accurate 
results,  owing  to  the  fact  that  bromine  does  not  completely  precipitate 
all  the  proteose  and  peptone.  The  method  is  convenient  on  account 
of  its  simplicity,  and  is  imdoubtedly  approximately  correct. 

Alien  and  Searle s  Method* — After  evaporation  of  the  water  extract, 
and  filtration,  if  necessary  as  described  in  the  preceding  paragraph,  add 
two  or  three  drops  of  dilute  sulphuric  acid  and  saturate  the  solution  with 
powdered  zinc  sulphate,t  avoiding  an  excess.  Each  50  cc.  of  solution 
require  about  80  grams  of  the  salt.  Allow  the  coagulated  proteids  to 
settle  out,  fiher,  and  wash  with  a  saturated  solution  of  zinc  sulphate. 
The  filtrate  from  ihe  treatment  with  zinc  sulphate  is  then  acidulated  with 
hydrochloric  acid  in  a  Kjeldahl  flask,  treated  with  bromine,  and  the 
process    described  in  the  preceding  paragraph  carried  out,  adding  the 
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water  at  98.2°  C;  creatin,  i  part  in  107  parts  at  98.1°  C;  creatinin, 
I  part  to  222  at  97.9°;  hypoxanthin,  i  to  98  at  97.6°,  etc.,  though  all  of 
these  are  precipitated  by  phosphotungstic  acid. 

Mallet's  method  is  based  on  the  principle  that  amido-bodies,  by, pre- 
cipitating with  phosphotungstic  acid  and  washing  the  precipitate  with 
hot  water,  can  be  separated  from  all  proteid-like  bodies  excepting  peptones. 
These  last  are,  however,  precipitated  by  tannic  acid,  hence  the  separation 
can  be  made  complete. 

The  combined  cold-  and  hot-water  extract  from  the  meat  fiber  is 
heated  to  90°  C,  acidified  with  acetic  acid,  and  filtered  free  from  coagulum 
(albumin),  which  is  washed  with  hot  water.  While  still  hot,  a  slight 
excess  of  tannic  acid  is  added  to  the  filtrate,  which  precipitates  the 
peptones  and  gelatin.*     Cool,  filter,  and  wash  with  cold  water. 

The  filtrate  from  the  peptones  is  heated  again  nearly  to  boiling,  and 
a  solution  of  phosphotungstic  acid,  Reagent  No.  20,  is  added  as  long 
as  a  precipitate  continues  to  form,  avoiding,  however,  a  large  excess.  The 
precipitate  is  washed  by  hot  water  upon  a  filter,  and  the  washing  continued, 
taking  care  that  the  temperature  of  the  water  does  not  fall  below  90°  C. 

If  if  is  desired  to  separate  the  albumin  from  the  other  proteids,  and 
the  peptones  and  gelatin  from  the  proteoses,  the  nitrogen  may  be  separately 
determined  in  the  three  precipitates ;  otherwise  the  three  are  combined,  and 
the  nitrogen  determined  in  all  together.  In  either  case  the  filters  with 
their  contents  should  be  introduced  into  strong  sulphuric  acid  as  soon  as 
possible  after  washing  to  avoid  loss  by  decomposition.  The  factor  6.25  is 
employed. 

Determination  of  Gelatin. — Modified  Stutzer^s  Method,^ — A  weighed 
portion  of  the  sample,  say  10  grams,  is  thoroughly  extracted  by  boiling 
water,  the  extract  transferred  to  a  porcelain  dish  containing  about 
20  grams  of  previously  ignited  sand,  and  evaporated  to  dr}'ness.  The 
residue  is  then  stirred  with  four  successive  portions  of  absolute  alcohol, 
using  about  50  cc.  each  time  and  pouring  it  off  through  a  fiher  consist- 
ing of  a  layer  of  asbestos  fiber  on  a  perforated  porcelain  plate  within  a 
funnel.  This  funnel  is  surrounded  by  chopped  ice,  and  is  so  arranged 
that  gentle  suction  may  be  used  to  hasten  the  filtration.  The  residue  is 
then  repeatedly  stirred  with  successive  portions  of  about  100  cc.  each  of 
;i  mixture  containing  100  cc.  of  95%  alcohol,  300  grams  of  ice,  and  600 

♦Peptones  arc  not  completely  precipitated  by  phosphotungstic  acid,  but  accozxling  to 
Halliburton  their  pri'cipitation  by  tannic  acid  is  complete. 
t  U.  S.  Dept.  of  Agric,  Bui.  13,  part  10,  p.  1397. 
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grams  of  cold  water,  the  portions  being  passed  through  the  asbestos  filter, 
and  the  washing  being  continued  till  the  solution  is  colorless  as  it  comes 
from  the  filter,  keeping  the  temperature  always  below  5°.  The  asbestos 
is  then  transferred  to  a  beaker  with  the  washed  residue,  and  the  whole 
thoroughly  extracted  with  boiling  water.  The  hot-water  extract  b  evap- 
orated to  small  volume,  and  washed  into  a  Kjeldahl  flask,  in  which  it  is 
then  evaporated  to  dryness,  and  the  nitrogen  determined  by  the  Gunning 
method:     Nx5.5S=gelatin. 

Determination  of  Flesh  Bases. — From  the  total  nitrogen,  determined 
in  a  portion  of  the  original  sample,  is  deducted  the  sum  of  the  nitrogen 
found  in  the  extracted  meat  fiber  and  that  of  the  combined  albumin, 
proteose,  peptone,  and  gelatin.  The  difference  is  the  nitrt^en  of  the 
flesh  bases,  which,  multiplied  by  3.12,  expresses  the  percentage  of  flesh 
bases  calculated  as  creatin. 

FACTORS   CORRESPONDING  TO   FLESH   BASES.* 


Substance. 

Formula. 

IWonion  of 

F»cior. 

C.H^NX 

C,H,„N'd 
C.H,N,b 

chXc 

C.H„NO, 

ck,x,o 

C.H.N.O. 

43  in  131 

41  in  113 
56  in  ,53 
56  in  14J 

14  in  131 

iSin    60 
56  in  168 

la 

3 
9 

69 

54 

36 
93 

i^T!^;.'.:::::::::::::::::::::::::: 

.'sCom.  Org,  Anal/Bis. 
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Detection  0}  Boric  Acid. — A  portion  of  the  finely  divided  meat,  mechan- 
ically freed  from  fat  as  far  as  possible,  is  warmed  with  water  acidified  with 
hydrochloric  acid,  and  turmeric-paper  is  soaked  in  the  extract.  The 
rose-red  color  of  the  turmeric-paper  after  drying  (turned  olive  by  weak 
alkali)  is  indicative  of  boric  acid. 

A  more  delicate  method  of  procedure  consists  in  burning  to  an  ash 
a  portion  of  the  meat,  after  treatment  with  lime  water,  and  testing  with 
the  turmeric-paper  a  solution  of  the  ash  slightly  acidified  with  hydro- 
chloric acid. 

Detection  0}  Salicylic  Acid. — ^The  sample,  mechanically  freed  from 
fat,  is  slightly  acidified  and  shaken  out  with  ether.  The  ether  extract 
evaporated  to  dryness  is  tested  with  a  drop  of  a  solution  of  ferric  chloride. 
A  deep-violet  coloration  indicates  salicylic  acid. 

Starch  in  Sausages. — Detection. — ^The  addition  of  cracker  or  bread 
crumbs  is  best  indicated  by  the  presence  of  considerable  starch,  which 
is  readily  recognized  by  the  iodine  test,  appUed  by  boiling  up  a  portion 
of  the  sample  with  water,  cooling  and  adding  a  drop  of  iodine  reagent 
to  the  liquid.  The  characteristic  blue  color  is  produced  if  starch  be 
present  in  notable  quantity.  One  per  cent  or  more  of  starch  present 
may  be  due  to  the  pepper  and  spices  used  in  seasoning  the  sausage.  A 
small  admixture  of  starch  is  rendered  apparent  when  a  thin  section  of 
the  sausage  is  treated  with  a  drop  of  iodine  reagent  and  viewed  under 
the  microscope.  A  microscopical  examination  will  also  reveal  the  char- 
acter of  the  starch,  whether  it  is  from  cereals  or  from  pepper. 

Estimation  of  Starch. — The  regular  acid  conversion  process,  p.  223,  may 
be  applied,  but  more  accurate  results  are  obtained  by  the  method  of 
inversion  with  malt  extract.  Mcdicus  and  Schwab  *  prepare  the  mah 
extract  for  this  purpose  by  digesting  5  grams  of  ground  malt  with  50  cc. 
of  water  for  one  and  one-half  hours  at  20°  to  30°  C.  In  making  the 
starch  estimation,  they  digest  for  two  hours  at  a  temperature  of  from 
40*^  to  50°  C.  20  grams  of  the  sausage  mixed  with  20  cc.  of  the  malt 
extract,  and  afterwards  for  eighteen  hours  at  room  temperature.  After 
filtering  and  washing,  the  filtrate  is  boiled  to  coagulate  the  albumin  and 
again  filtered.  The  second  filtrate  is  then  made  up  to  200  cc,  20  cc.  of 
25%  hydrochloric  acid  (specific  gravity  1.125)  are  added,  and  the  starch 
determined  in  the  regular  manner. 

Mayrhojer^s  Method.-\ — This   is   considered   the   simplest   and   most 

♦  Bcrichte  d.  chem.  Gesell.,  XII,  p.  1285. 

t  Zeits.  Nahr.  Untcrsuch.,  1896,  p.  331;  Abs.  Analyst,  1897,  p.  11. 
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reliable  method  of  estimating  the  starch  in  such  substances  as  sausages. 
From  60  to  80  grams  of  the  sample  are  heated  on  the  water-bath  with 
an  8%  solution  of  alcoholic  potassium  hydroxide,  which,  in  the  case  of 
pure  sausages,  dissolves  nearly  everything  except  a  little  cellulose.  To 
prevent  gelatinization,  warm  alcohol  is  added  to  dilute  the  solution, 
which  is  then  filtered  through  paper  or  asbestos.  The  stareh  b  con- 
tained in  the  insoluble  residue,  which  is  washed  with  alcohol  till  the  wash- 
ings are  no  longer  alkaline,  after  which  it  is  treated  with  an  aqueous  solu- 
tion of  potassium  hydroxide,  and  the  starch  solution  made  up  to  a  definite 
volume.  To  an  aliquot  part  of  the  solution  95%  alcohol  is  added,  where- 
upon the  starch  comes  down  as  a  flocculent  precipitate.  This  b  col- 
lected on  a  weighed  filler,  washed  with  alcohol  and  ether,  dried,  and 
weighed.  The  filter  with  its  contents  is  then  burnt  to  an  ash,  the  amount 
of  which  is  deducted. 

In  order  to  avoid  the  ash  determination,  the  starch  may  be  precipitated 
from  a  weak  acetic  acid  solution  instead  of  from  an  alkaline  solution,  the 
potassium  acetate  formed  being  soluble  in  the  alcohol,  and  nothing  but 
pure  starch  is  precipitated. 

Characteristics  of  Horse  Flesh. — Although  certain  authorities  have 
foimd  distinguishing  characteristics  in  color,  consistency,  odor,  etc.,  between 
horse  flesh  on  the  one  hand,  and  beef  and  pork  on  the  other,  it  is  extremely 
difficidt,  by  its  physical  properties,  to  detect  horse  Hesh  when  mixed  with 
other  meat,  especially  when  the  mixture  is  chopped.  Horse  flesh  has  a 
much  coarser  texture  and  is  darker  in  color  than  beef.  The  muscle  fibers 
arc,  as  a  rule,  shorter  in  horse  flesh.  On  treating  horse  flesh  with  formal- 
dehyde, Ehrlich  *  has  found  that  a  very  characteristic  odor  is  developed 
within  forty-eight  hours,  suggestive  of  roasted  goose  flesh. 
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flesh  than  in  other  meat,  renders  it  possible  in  some  cases  to  detect  horse 
flesh,  when  present  in  the  mixture. 

The  following  table  prepared  by  Bujard  shows  the  relative  amount 
of  glycogen  in  various  kinds  of  meat  and  sausages: 


Water. 


Horse  flesh 

« 

(( 

Red  sausage  (Knackwurst) 

Pork  sausage 

Veal 

Pork 


74.44 

74.87 
76.17 

76.00 

69.26 

67.25 
74.6 

75 -o 


Glycogen  Direct. 


Niebel 
Method. 


Glycogen  in  Dried 
Substance. 


H?r.fc'"      Niebel.      Mayrhofer 


Method. 


0.440 
0.600 
1.827 
0.592 


0.445 

1. 721 

0.520 

2.388 

1.727 

7.667 

0.610 

2.466 

0.038 

0.24 

0.086 

0.186 

1. 741 

2.069 

7.247 
2.542 

0.124 

0-733 
0.342 

0.744 


In  beef  Bujard  found  0.74  and  0.073  P^^  ^^^^  ^^  glycogen  calculated  in 
terms  of  dried  substance,  and,  in  sausages  made  exclusively  from  horse 
meat,  amounts  of  glycogen  ranging  from  0.05  to  5.34,  the  sample  in  the 
latter  case  being  made  from  the  liver.  It  was  formerly  thought  possible 
to  detect  as  small  an  amount  as  5%  of  horse  flesh  in  mixture,  but  later 
investigation  showed  that  after  the  death  of  the  animal,  glycogen,  though 
present  at  first  in  considerable  quantity,  decomposes  more  or  less  rapidly, 
going  over  into  muscle  sugar  (dextrose).  Hence,  while  the  presence  of 
much  glycogen  is  suspicious,  its  absence  is  by  no  means  proof  that  horse 
flesh  was  not  used. 

Niebel  did  not  consider  the  failure  of  the  glycogen  test  as  sufficiently 
conclusive  to  establish  the  absence  of  horse  flesh,  on  account  of  the  tendency 
toward  decomposition  of  the  glycogen.  In  the  absence  of  starch,  he 
regards  the  presence  of  more  than  1%  of  dextrose  in  the  fat-free  meat, 
after  conversion  of  the  carbohydrates,  to  be  proof  of  the  presence  of  horse- 
flesh. 

Detection  of  Glycogen. — From  the  well-known  color  reaction  produced 
by  iodine  on  glycogen,  horse  flesh  can  often  be  detected,  when  present  in 
sausages,  unless  obscured  by  the  presence  of  starch  or  dextrin. 

Hrautigam  and  Edelmann*  proceed  as  follows:  50  grams  of  the  finely 
divided  meat  are  boiled  with  200  cc.  of  water  for  an  hour,  and,  after  cool- 
ing, dilute  nitric  acid  is  added  to  the  broth  to  precipitate  the  proteids 
and  to  decolorize.     The  broth  is  then  filtered,  and  a  portion  of  the  filtrate 


♦  Pharm.  Central.,  1893,  p.  557. 
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is  treated  in  a  test-tube  with  a  freshly  prepared,  saturated,  aqueous  solution 
of  iodine,  or,  better,  with  a  mixture  of  2  parts  iodine  to  4  parts  potassium 
iodide  and  100  parts  water,  the  reagent  being  carefully  added  so  as  not 
to  mix  with  the  broth,  but  fonn  a  layer  above  it.  If  glycogen  be  present 
in  considerable  amount,  a  wine-colored  ring  is  observable  at  the  junction 
of  the  two  layers.  On  heating  the  test-tube,  the  coloration  disappears 
if  due  to  glycogen,  but  it  reappears  on  cooling.  This  reaction  was  found 
to  occur  with  horse  flesh  and  not  with  beef,  mutton,  veal,  or  pork.* 

If  the  color  is  not  clearly  apparent,  the  chopped  meat  is  heated  on  the 
water-bath  with  a  solution  of  potassium  hydroxide  (using  an  amount  of 
potassium  hydroxide  equivalent  to  3%  of  the  weight  of  the  flesh)  till  the 
fiber  is  decomposed,  after  which  the  broth  is  concentrated  to  half  its  volume, 
treated  with  nitricSicid  to  precipitate  the  proteids,  filtered,  and  treated 
with  the  iodine  solution  as  previously. 

Determination  of  Glycogen.f — NiebePs  Modificaiion  0}  BrUcke's 
Method. — This  method  is  applicable  only  in  the  absence  of  dextrose  and 
dextrin.  If  therefore  the  presence  and  character  of  the  starch  indicates 
the  presence  to  a  considerable  extent  of  cracker  crumbs  or  other  cereal 
"filler,"  the  method  is  not  accurate. 

A  weighed  portion  of  the  flesh  is  heated  on  the  water-bath  with  3  to  4 
per  cent  of  potassium  hydroxide  and  four  volumes  of  water  for  six  hours. 
Evaporate  the  broth  to  half  its  original  bulk,  and  add,  after  cooling,  a 
solution  of  mercuric  iodide  in  potassium  iodide,];  which  precipitates  the 
protein.  Filler,  and  to  the  clear  filtrate  add  aj  times  its  volume  of  95% 
alcohol,  collect  the  precipitated  glycogen  on  a  filter,  wash  first  with  60% 
alcohol,  then  with  95%  alcohol,  then  with  absolute  alcohol,  then  with 
ether,  and  finally  with  absolute  alcohol.     Dry  at  115°  C.  and  weigh. 
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solve  in  strong  acetic  acid.  Add  to  the  solution,  after  cooling,  sufficient 
hydrochloric  acid  to  produce  a  yellow  color,  then  pour  into  2^  volumes 
of  alcohol,  and  proceed  as  in  the  preceding  paragraph. 

Mayrhojer^s  Method ^^  on  which  the  results  in  the  table  on  page  187 
are  based,  is  as  follows:  Dissolve  a  weighed  portion  of  the  flesh  in  an 
aqueous  solution  of  potassium  hydroxide,  precipitate  the  proteids  by 
hydrochloric  acid  and  Nessler's  reagent,  filter,  and  treat  the  clear  filtrate 
with  alcohol,  which  precipitates  the  glycogen.  This  is  collected  on  a 
tared  filter  and  washed,  first  with  dilute  alcohol,  and  finally  with  ether, 
dried  at  110°  C,  and  weighed. 

Pfliiger  and  Nerking's  Method.^ — Of  the  finely  divided  sample  50  grams 
are  heated  on  the  water-bath  with  200  cc.  of  2%  potassium  hydroxide 
till  the  solution  is  practically  complete.  After  cooling,  the  solution  is 
made  up  to  200  cc.  with  water,  shaken,  and  filtered.  To  100  cc.  of  the 
filtrate,  10  grams  of  potassium  iodide  and  i  gram  potassium  hydroxide 
arc  added,  and  the  solution  stirrred  till  clear,  after  which  50  cc.  of  95% 
alcohol  are  added  and  the  mixture  allowed  to  stand  over  night.  This 
precipitates  the  glycogen.  Filter,  and  wash  the  precipitate  with  a  solution 
made  up  of  i  cc.  70%  potassium  hydroxide,  ko  grams  potassium  iodide, 
100  cc.  water,  and  50  cc.  95%  alcohol.  After  further  washing  the  glycogen 
with  2  parts  strong  alcohol  and  i  part  water,  dissolve  in  water  and  by 
means  of  Briicke's  mercuric-iodide-in-potassium-iodide  reagent  (see  foot- 
note, p.  188)  remove  any  remaining  nitrogenous  substances.  Filter  if 
turbid,  and  to  the  solution  add  common  salt  (about  2  milligrams  per  100  cc. 
of  solution),  and  reprecipitate  the  glycogen  by  adding  2  volumes  of  95% 
alcohol.  Filter,  wash  first  with  95%  alcohol  containing  a  little  common 
sah,  then  with  absolute  alcohol,  and  lastly  with  ether.     Dry  and  weigh. 

Bigclow  suggests  that  the  glycogen  as  above  obtained  be  converted 
by  acid  hydrolysis  to  dextrose,  which  is  determined  in  the  regular  manner. 
Dextrose  X  .9  =  glycogen. 

Identification  of  Raw  Horse  Flesh  by  the  Blood  Serum  Test.f — This 
test  depends  upon  the  recent  development  of  the  principle  that  when  a 
rabbit  has  been  inoculated  with  the  blood  of  a  particular  animal,  as  for 
instance  that  of  the  horse,  the  serum  of  the  rabbit's  blood  will  react  with 

*  Forsch.  Ber.,  1897,  IV,  47. 

f  Arch.  ges.  Physiol.,  1899,  76,  531-542;  Bui.  65,  Bur.  of  Chem.,  p.  13.  Recommended 
for  Provis.  Adoption  by  the  A.  O.  A.  C. 

t  SchUtie,  A .,  Ueber  weitere  Anwendungcn  der  Pracipitine.  (Deuts.  med.  Wochs., 
1902,  No.  45,  p.  804.) 

Wassermann,  A.,  u,  SchUiu,  A.,  Ueber  die  Entwickelung  der  biologischen  Methode 
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the  blood  of  the  horse  and  with  that  of  no  other  animal.  To  prepare  the 
blood  serum  for  a  reagent,  inject  a  rabbit  with  10  cc.  of  defibrinated 
horse's  blood  every  day  for  five  to  six  days,  either  subcutaneously  or 
intravenously.  The  blood  afterwards  taken  from  the  rabbit  is  clotted, 
and  the  filtered  serum  b  used  in  making  the  test,  or,  if  the  reagent  is  to 
be  kept  for  some  time,  the  rabbit's  blood  serum  is  dried  and  an  aqueous 
solution  used  for  the  reagent. 

If  the  clear  expressed  juice  from  the  suspected  flesh,  filtered  if  necessary, 
be  treated  with  a  few  drops  of  the  rabbit's  blood  reagent,  prepared  as 
above,  a  cloudy  precipitate  will  be  produced  in  the  case  of  horse  flesh. 

By  inoculating  different  rabbits  in  like  manner  with  the  blood  of 
various  animals,  the  flesh  of  the  corresponding  animab  may  be  recognized 
from  the  reaction  of  the  blood  serum  of  the  rabbit  with  its  juices.  Only 
raw  flesh  responds  to  the  test,  as  heating  destroys  the  virtue  of  the  reagent. 

Determination  of  Huscle  Sugar  (Dextrose). — Boil  a  weighed  quantity 
of  the  finely  divided  sample,  say  50  grams,  with  water,  add  an  excess  of 
normal  lead  acetate  solution,  and  make  up  with  water  to  a  given  volume, 
say  250  cc.  Filter,  and  to  an  aliquot  part  of  the  filtrate  add  enough  of 
a  saturated  solution  of  sodium  sulphate  to  precipitate  the  lead.  Again 
filter,  make  up  to  a  given  volume,  and  determine  the  dextrose  in  a  measured 
part  of  the  solution  by  either  of  the  regular  methods. 

Detection  of  Coloring  Matter. — Red  Ocher  is  indicated  by  an  excessive 
amount  of  iron  in  the  ash. 

Cochineal  is  most  readily  tested  for  by  the  method  of  Klinger  and 
Bujard.*  The  sausage,  finely  divided,  is  heated  with  two  volumes  of  a 
mixture  of  equal  parts  of  glycerin  and  water  for  several  hours  on  the 
water-bath,   the   mixture   being   slightly   acidified.    The  yellow  solution 
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through  the  spectroscope  for  the  characteristic  absorption-bands  of  carmine 
kke,  lying  between  h  and  D. 

Spaeth*  has  shown  that  both  carmine  (cochineal)  and  anUin  red^ 
which  are  the  dyes  most  commonly  used  for  coloring  sausages,  can  be 
most  readily  extracted  therefrom  by  warming  the  finely  divided  material 
a  short  time  on  the  water-bath  with  a  5%  solution  of  sodium  salicylate. 

Vegetable  and  Coal-tar  Colors, — ^Various  solvents  are  suggested  for 
the  removal  of  these  dyes  from  sausage  meat.  Allen  f  recommends 
extraction  with  methylated  spirit  (a  mixture  of  ethyl  alcohol  with  10% 
methyl);  Bigelow  %  recommends  heating  with  a  mixture  of  50%  glycerin 
slightly  acidified;  A.  S.  Mitchell  uses  alcohol  acidified  with  hydrochloric 
acid;  Spaeth  a  5%  solution  of  salicylate  of  soda.  Other  solvents  appli- 
cable in  some  cases  are  dilute  ammonia  and  amyl  alcohol.  The  solvent, 
after  filtering,  is  evaporated  to  small  volume,  acidified  with  hydrochloric 
acid,  and  white  wool  is  boiled  in  it.  If  the  wool  is  distinctly  dyed,  a  coal-tar 
color  is  undoubtedly  present,  and  this  can  often  be  identified  by  methods 
given  in  Chapter  XVI.  According  to  Marpmann,  pure  normal  flesh  con- 
taining natural  color  only  is  completely  decolorized  by  macerating  for 
two  hours  in  50%  alcohol,  while  artificially  colored  meat  remains  colored 
after  this  treatment. 

Marpmann's  Microscopical  Method,^ — Moisten  a  thin  section  of  the 
sausage  with  50%  alcohol,  and  examine  under  the  microscope.  Some 
colors  are  readily  apparent  without  further  treatment.  If  only  traces 
of  color  are  present,  clarify  the  substance  by  treatment  with  xylol,  which 
is  removed  by  the  use  of  carbon  tetrachloride.  The  mass  rendered 
transparent  by  this  treatment  is  then  immersed  in  cedar  oil  and  examined, 
the  coloring  matters,  if  present,  being  especially  apparent.  If  the  color 
used  is  fuchsin  (magenta),  carmine,  logwood,  or  orchil,  the  substance 
of  the  cell  will  appear  stained.  If  acid  coal-tar  dyes  are  used,  the  liquid 
contents  of  the  cell  will  show  the  color. 

Detection  of  Frozen  Meat. — Maljean  ||  detects  frozen  meat  by  the 
aid  of  a  microscope.  A  drop  of  the  blood  or  meat  juice  is  pressed  out 
upon  a  slide  and  immediately  examined  before  it  solidifies.  Fresh  meat 
juice  contains  many  red  blood  corpuscles,  floating  in  a  clear  colorless 
6erum,  and  readily  apparent.     In  blood  from  frozen  meat,  the  red  cor- 

♦  Pharm.  Central.,  1807,  38,  p.  884. 

t  Commercial  Organic  Analysis,  Vol.  IV,  p.  294. 

J  U.  S.  Dei)t.  of  Agric,  Bureau  of  Chemistry,  Bui.  65,  p.  x6. 

§  Zeits.  angewand.  Mikrosk,  1895,  p.  12. 

II  Jour.  Pharm.  et  Chem.,  1892,  XXV,  p.  348. 
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puscles  are  nearly  always  completely  dissolved  in  the  senim,  due  to  freez- 
ing, or,  if  not  dissolved,  arc  much  distorted  and  entirely  decolorized,  the 
Uquid  portion  being  darker  than  usual. 

Megascopically,  the  fresh  meat  juice  is  more  abundant  than  that  of 
frozen  meat,  and  its  color  is  deeper.  According  to  C.  A.  Mitchell,  if  a 
small  piece  of  meat  once  frozen  be  shaken  in  a  test-tube  with  water,  color 
is  imparted  to  the  water  much  more  quickly  than  with  fresh  meat,  and 
the  color  is  deeper. 

MEAT   EXTRACTS. 

Character  and  Composition. — Numerous  preparations  sold  under  the 
name  of  meat  extracts  have  been  on  the  market  for  many  years.  At  the 
beginning  of  the  nineteenth  centurj'  the  value  of  such  extracts  was  known, 
but  Liebig  was  the  lir^t  some  fifty  years  later  to  produce  a  commercial 
extract  of  meat.  Liebig's  preparation,  as  originally  made,  consisted 
of  a  cold-water  extract  of  chopped  lean  meat,  strained  free  from  fiber, 
heated,  filtered,  and  evaporated,  thus  containing  little  of  any  gelatin  or  pro- 
icids.  Later,  however,  Liebig  advocated  the  use  of  warm  and  even  boiling 
water  for  extraction,  by  which  method  of  preparation  the  amount  of 
gelatin  was  greatly  increased.     He,  however,  condemned  the  use  of  salt. 

The  best  modem  meat  extracts  consist  for  (he  most  part  of  such  por- 
tions of  the  meat,  previously  freed  from  bone  and  superfluous  fat,  as 
are  soluble  in  water  the  temperature  of  which  does  not  exceed  75°  C. 
The  widest  latitude,  however,  prevails  as  to  the  temperature  employed 
for  the  extraction,  hence  the  character  of  the  various  products  is  some- 
what varied.  It  is  not  an  uncommon  practice  to  submit  the  meat  to 
actual  boiling  with  water,  in  which  case  the  amount  of  gelatin  will  be 
In   an  extract   preTiared  bv   warm   water,  one   finds  • 
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the  extent  to  which  evaporation  is  carried,  varying  from  the  thin  fluid 
through  the  pasty  form  to  the  semi-solid.  Some  preparations  have  added 
thereto  finely  groimd  dried  beef  or  beef  meal. 

The  following  table  shows  results  obtained  by  Otto  Hehner  on  some 
of  the  principal  commercial  meat  extracts: 


1 .  Liebig  Company  *s  Extractum  Carnis 

2.  Armour's  extract  of  meat 

3.  Brand  &  Co.'s  Extractum  Carnis. .  . 

4.  Liebig's  extract  (Bovril  Co.) 

5.  Brand  &  Co.'s  meat  juice 

6.  Valentine's  meat  juice 

7.  Wyeth's  meat  juice 

8.  Borthwick  's  bouillon 

Q.  Vitalia  meat  juice 

10.  Brand  &  Co.'s  essence  of  beef 

11.  Bovril  Cc's  beef  fluid 
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1.  Liebig  Company's  Extractum  Carnis 
a.  Armour's  extract  of  meat 

3.  Brand  &  Co.'s  Extractum  Carnis  . . . 

4.  Liebig's  extract  (Bovril  Co.) 

5.  Brand  &  Co.'s  meat  juice 

6.  Valentine's  meat  juice 

7.  Wyeth's  meat  juice 

8.  Borthwick 's  bouillon 

9.  VitaUa  meat  juice 

10.  Brand  &  Co.'s  essence  of  beef 

11.  Bovril  Co.'s  beef  fluid 
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♦  Glycerin  (»). 

In  calculating  the  percentage  of  the  various  nitrogenous  compounds, 
the  factor  6.25  was  used  in  all  cases,  this  being  in  Hehner's  opinion  the 
fairest  and  best  approximation  to  the  true  state  of  affairs  in  expressing 
the  analysis  as  a  whole,  while  admitting  that  this  factor  is  too  high  in 
certain  cases,  as,  for  instance,  in  that  of  the  flesh  bases. 

McGill  t  gives  the  following  results  of  the  analysis  of  twenty-three 
brands  of  meat  extracts: 


t  Dept.  of  Inl.  Rev.  Canada,  Bui.  63,  p.  14- 
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METHODS  OF  ANALYSIS. 

Water. — ^According  to  Stutzer*  water  is  best  estimated  by  weighing 
from  5  to  7  grams  of  the  preparation  (if  of  the  dry  or  pasty  variety),  or 
from  20  to  25  grams  of  the  fluid  extract  into  a  large  platinum  dish,  the 
dry  variety  being  dissolved  in  a  little  hot  water.  A  sufficient  amount 
of  previously  ignited  asbestos  or  sand,  sifted  free  from  dust,  is  added 
to  absorb  the  liquid,  and  the  whole  is  dried  to  a  constant  weight  in  the 
air-oven. 

Ash. — The  residue  from  the  above  is  carefully  incinerated  in  the 
original  dish  and  weighed.  Ammonium  nitrate  may  be  employed  in 
burning,  if  necessary.  The  chlorine  is  determined  volumetrically  or 
gravimetrically  in  a  solution  of  the  ash. 

Fat. — This  is  best  obtained  by  extracting  a  portion  of  the  air-dried 
substance  with  petroleum  ether  in  a  Soxhlet  apparatus.  Petroleum 
ether  extracts  the  fat  only,  while  ether  extracts  other  substances  as  weli 
A  properly  prepared  extract  has  very  little  fat. 

Total  Nitrogen. — The  extract  should  be  tested  for  nitrates,  and  the 
proper  modification  of  the  Gunning  method  should  be  employed,  depend- 
ing on  the  presence  or  absence  of  nitrates.  Use  from  i  to  5  grams  for  the 
determination. 

Separation  of  Nitrogenous  Compounds. — To  correctly  gauge  the  food 
value  of  a  meat  extract,  it  is  essential  to  separate  and  estimate  at  least 
roughly  its  principal  nitrogenous  components.  To  attempt  to  make  such 
a  separation  with  a  high  degree  of  accuracy  would  involve  a  long  and 
tedious  series  of  operations,  which  in  most  cases  would  be  impracticable. 
Usually  the  separation  into  three  main  groups,  as  outlined  on  page  181,  is 
sufficient.  At  times,  however,  it  may  become  necessary,  or  at  least  desir- 
able for  specific  purposes,  to  determine  certain  of  the  nitrogenous  com- 
pounds separately.  Various  approximate  quick  methods  are  in  use  for 
this  puq^ose,  and  by  reason  of  the  fact  that  in  all  these  methods  each 
class  of  nitrogenous  substances  that  should  theoretically  be  separated 
under  given  conditions  is  contaminated  to  some  extent  with  members  of 
other  classes,  or  is  itself  incompletely  separated,  it  is  best  to  specify  in  all 
esses  the  particular  method  employed.  The  most  comrhon  process 
among  the  manufacturing  chemists  is  to  employ  alcohol  of  varying  strength 
for  frtictional  precipitation. 

Bruylants  f  adds  sufficient  alcohol  to  the  solution  to  amount  to  40% 

♦  Zcits.  anal.  Chemie,  1895,  p.  368. 

t  Jour.  Phann.  ct  Chem.,  1897,  V,  p.  515. 
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Strength.  This  precipitates  mainly  the  gelatin.  The  concentrated  filtrait 
from  this  precipitation  is  next  treated  with  alcohol  to  the  strength  of  80%, 
which  separates  out  the  albumose.  Finally  the  peptones  are  removed  by 
alcohol  of  93  to  94  per  cent  strength,  the  flesh  bases  remaining  in  solution. 
Nitrogen  k  determined  separately  in  each  portion. 

Hehner*  roughly  separated  the  gelatinous  and  proteid  substances  from 
the  flesh  bases  by  the  use  of  methylated  spirit  (a  mixture  of  ethyl  alcohol 
with  10%  of  methyl  alcohol).  He  dissolved  about  2  grams  of  the  sample 
in  25  cc.  of  water,  added  50  cc.  of  strong,  methylated  spirit,  and  allowed 
the  mixture  to  stand  over  night.  He  then  decanted  off  the  clear  super- 
natant liquid,  and  dissolved  the  precipitate  in  hot  water  without  washing, 
after  which  he  evaporated  the  solution  to  dryness  in  a  tared  dish  at  100°  C. 
and  weighed. 

Wiley's  Classification  t  for  practical  purposes  is  convenient  and  very 
satisfactory.  It  was  used  by  McGill  in  obtaining  the  results  given  on  page 
194. 

The  total  nitrogen  is  divided  into  three  groups  as  follows: 

ist.  Nitrogen  in  the  insoluble  proteids. 

2d.  Nitrogen  in  the  soluble  proteids,  as  precipitated  with  bromine 
in  acid  solution. 

3d.  Amido-nitrc^en  (including  the  flesh  bases)  in  the  filtrate  from 
the  bromine  precipitation. 

(i)  Insoluble  Nitrogen. — A  weighed  amount  of  the  sample  is  treated 
with  a  large  excess  of  warm  water,  the  insoluble  residue  separated  by 
filtration,  dried,  and  weighed.  The  whole  or  an  aliquot  part  of  this  residue 
is  then  tsed  for  determination  of  nitrogen  by  the  Gunning  method. 
Nx6.25=insolubIe  protein. 
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Complete  Separation  of  Nitrogen  Compounds  would  involve  a  discrimi- 
nation  between  meat  fiber  and  insoluble  protein,  coagulable  albumin, 
acid  albumin  (syntonin),  gelatin,  peptones,  albumoses,  flesh  bases,  and 
ammonia. 

(i)  Meal  Fiber. — If  meat  fiber  is  found  by  examination  with  the  micro- 
scope to  be  present,  about  5  grams  of  the  extract  of  the  dry,  or  20  to  25 
grams  of  the  fluid  variety  is  exhausted  with  200  to  250  cc.  water  at  about 
20°  C,  and  the  residue  collected  on  a  tared  filter.  It  is  often  difficult  to 
filter  such  an  extract  in  the  ordinary  way,  and  the  use  of  the  centrifuge 
is  helpful,  passing  the  clear  supernatant  liquid  through  the  filter,  and 
finally  washing  the  residue  thereon.  The  residue  is  washed,  dried  at  100°, 
and  weighed,  or  the  nitrogen  may  be  determined  by  the  Gunning  method. 
Nx6.25=total  insoluble  matter,  which  includes,  besides  the  meat  fiber, 
the  insoluble  proteids. 

(2)  Coagulable  Albumin. — The  filtrate  from  (i)  is  acidified  with  acetic 
acid  and  boiled  for  some  minutes  to  coagulate  the  albumin,  which  is  col- 
lected upon  a  filter  (using  to  advantage  a  centrifuge'  as  in  the  preceding 
paragraph).  Determine  the  nitrogen  in  the  washed  residue,  using  the 
factor  6.25  for  coagulable  albumin. 

(3)  Acid  Albumin  or  Syntonin. — Exactly  neutralize  the  filtrate  from 
(2)  with  weak  alkali.  If  a  precipitate  occurs,  indicating  syntonin,  it  is 
collected  on  a  filter,  washed,  and  the  nitrogen  determined.  N  X 6.25  =  syn- 
tonin. 

(4)  Albumoses  or  Proteoses. — An  aliquot  part  of  the  filtrate  from  (3), 
or  if  syntonin  be  found  absent,  of  the  filtrate  from  (2),  is  saturated  with 
zinc  sulphate,  adding  the  powdered  salt  as  long  as  it  continues  to  dissolve 
with  stirring  and  shaking.  Proteoses  and  any  traces  of  gelatin  or  insoluble 
proteids  that  have  escaped  removal  are  precipitated,  but  not  the  peptones 
or  flesh  bases.  Filter,  wash,  and  determine  the  nitrogen  in  the  residue,  using 
the  factor  6.25  for  the  proteoses. 

(5)  Peptones. — The  fillralc  from  (4)  or  an  aliquot  part  thereof  is 
acidified  with  hydrochloric  acid  and  treated  with  bromine  in  the  manner 
described  on  page  182.  The  residue  is  collected  and  washed.  The 
nitrogen  therein  X  6.25  =  peptones. 

(6)  Flesh  Bases  are  determined  by  subtracting  from  the  total  nitrogen 
the  sum  of  the  nitrogen  in  (1),  (2),  (3),  (4),  and  (5),  and  m.uhiplying  the 
remainder  by  the  factor  3.12. 

Two  samples  of  commercial  meat  extract  were  analyzed  by  A.  McGill 
by  methods  closely  analogous  to  the  above,  with  the  following  results: 
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Insoluble  residue 

Total  nitrogen 

Equivalent  protein  (NX 6. 3$) 

Soluble  matter 

Nitrogen  in  eoagulable  albumins 

Coagulable  albumin  (NX  6.35)  . .  . .  . 

Synlonin  (ociJ  albumin) 

Proteose  nitrogen  (by  zinc  sulphate)  . 

Equivalent  proteoses  (Nx6. 35). 

Peptone  nitrogen 

Equivalent  peptones  (NX6. 35)  . 

Amido-nitroffen  (flesh  bases)  by  dif.. . 
Equivalent  flesh  bases  (NX  3. 12). . . , 


O.I33S 


Vimboi. 

6.33 
0.906 
5-663 
SO- 18 
0-058 
0.363 

0.39" 


7  635 


Determination  0}  Gelatin.  —  Thb  is  accomplished  by  the  modified 
Stutzer  method  as  given  on  page  183. 

Determination  oj  Ammoniacal  Nitrogen. — This  is  best  estimated,  ac- 
cording to  Stutzer,  by  dissolving  5  to  25  grams  of  the  preparation  in 
water  (if  the  extract  is  not  of  the  fluid  variety),  adding  barium  carbonate, 
and  distilling  into  a  standardized  acid.  Nitrogen  in  the  form  of  ammonia 
salts  is  rarely  present  in  these  preparations. 

Preservatives  in  Meat  Extracts. — Boric  acid  is  sometimes  used 
as  a  preservative  in  these  preparations  and  Is  tested  for  by  the  usual 
methods  (p.  185). 


Structure  and  Composition. — Fish  resembles  meat  both  structurally 
and  in  the  nature  of  its  constituents,  but  differs  from  it  in  a  marked  decree 
in  the  relative  proportions  of  its  various  components.  Thus,  there  is 
considerably  more  refuse  matter  such  as  skin  and  bones  in  fish  than  in 
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Water 740.82 

Albumin 137  -40 

Collagen 43-88 

Fat 45.97 

Extractives 16.97 

Salts 14.96 

Hutchison  classifies  fish  as  follows  with  reference  to  their  content  of  fat: 

I^ean. — Fish  having  less  than  2%  fat,  such  as  cod  and  haddock. 

Medium. — Fish  having  2  to  5%  fat,  such  as  halibut  and  mackerel. 

Fat, — Fish  having  more  than  5%  of  fat,  such  as  eel,  18%;  salmon,  12%; 
turbot,  12%,  and  herring,  8%. 

According  to  Atwater  and  Bryant  *  the  composition  of  diCFerent  varie- 
ties of  fish  is  as  follows: 

COMPOSITION  OF  FISH. 


Bass — 


Refuse. 


55-0 
48.6 


52-5 


20.2 


51.0 


17-7 


edible  portion 

as  purchased 

Bluefish —  edible  portion 

as  purchased 

Cod —         edible  portion 

as  purchased 

Eel —  edible  portion 

as  purchased 

Haddock— edible  portion 

as  purchased 

Halibut —  edible  portion 

as  purchased 

Herring —  edible  portion 

as  purchased '  42.6 

Mackerel — edible  portion ' 

as  purchased 44-7 

Perch —      edible  portion 

as  purchased 62 . 5 

Pickerel —  edible  |X)rtion 

as  purchased 47  •  i 

Salmon —    edible  jKiriion 

as  purchast'd [  34 . 9 

edible  portion ' 

as  pure  hast^-d |  50.1 

Skate —       edible  portion i 

as  purchased 

Smelt —       edible  |M)rti<)n 

as  pun  hast'd 

Trout —      edible  |M)rii()n 

as  purchased 

Turbot —    wiible  iK)ni()n 

as  purchased 

Whitefish — edible  ixirtion 

as  purchased 


Water. 


Shad— 


51.0 


41.9 


48.1 


47.7 


53-5 


77-7 
35-1 

78- S 

40.3 
82.6 

38-7 
71.6 

57-2 
81.7 
40.0 

75.4 
61.9 

72.5 
41-7 
73-4 
40.4 

75-7 
28.4 

79.8 

42.2 

64.6 

40.9 

.70.6 

35-2 
82.2 
40.2 
79.2 
46.1 
77.8 
40.4 
71.4 

37-3 
69.8 

32.5 


Protein. 


NX 
6.25. 


18.6 

8.4 

19.4 

10. 0 
16.5 

8.4 
18.6 
14.8 

17.2 

8.4 
18.6 

15-3 

19-5 
II. 2 

18.7 

10.2 

19.3 

7-3 
18.7 

9.9 
22.0 

15-3 
18.8 

9.4 
18.2 

8.9 
17.6 

10. 1 
19.2 

9-9 
14.8 

7-7 
22.9 

10.6 


Diflfi^r- 
ence. 


18.3 
8.3 

19.0 

9.8 

15.8 

8.0 

18.3 

14.6 

16.8 

8.2 

18.4 

15-I 
18.9 

10.9 

18-3 

10. 0 

19. 1 

7.2 
18.6 
10.7 
21.2 
14.4 
18.6 


Fat. 


2.8 
I.I 
1.2 
0.6 
0.4 
0.2 
9.1 
7.2 

0.3 

0.2 

5-2 

4.4 

7.1 

3-9 

7-1 
4.2 

4.0 
1-5 


o 
o 


9 

15 

7 

17 
10. o 

18.9 
9.8 

12.9 
6.8 

22.1 

10.3 


5 

3 
12.8 

8.9 

9-5 
4-8 
1.6 
0.7 
1.8 
i.o 
2.1 
I.I 
14.4 

7-5 
6.5 

3-0 


Ash. 


1.2 

0-5 

1-3 
0.7 

1.2 

0.6 

1.0 

0.8 

1.2 

0.6 

1.0 

0.9 

1-5 
0.9 

1.2 

0.7 

1.2 

0.4 

1. 1 

0.6 

1.4 
0.9 

1-3 
0.7 

I.I 

0.6 

1-7 

1.0 

1.2 
0.6 

1-3 

0-7 
1.6 

0.7 


Fuel 
Value 

per 
Pound. 


465 
200 
410 
210 

325 
165 

730 
580 

335 
165 
565 
470 
660 

375 

645 

365 

530 
200 

370 
210 

950 
660 

750 
380 

400 

195 

405 
230 

445 
230 

885 

460 

700 

325 


♦  U.  S.  Dept.  of  Agric,  Off.  of  Exp.  Sta.,  Bui.  28,  p.  47  ct  seq. 
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CnistaceanB  and  Hollusks. — These  differ  from  the  meats  and  common 
fish  by  reason  of  the  presence  in  considerable  proportion  of  the  carbohy- 
drate glycc^n,  contained  in  the  liver.  The  lobster  and  crab  are  nearly 
alike  in  composition,  the  flesh  being  made  up  of  coarse,  dense,  thick-wallcd 
fibers. 

Payen  gives  the  following  composition  of  the  flesh  and  body  of  lobster: 

Flesh  {contained  in      Body  (consisting 
Claws  and  Tail).      maioly  of  Ltver^ 

Water. 76.6  84.31 

Proteid 19- 1 7  12.14 

Fat 1. 17  1.14 

Clams  and  Oysters  arc  low  in  solid  nutriment,  and  are  more  digestible 
when  eaten  raw  than  cooked.     Oysters  contain  3%  or  more  of  glyct^n. 
The  following  analyses  are  from  Atwater  and  Bryant :  * 

COMPOSITION  OF  SHELL  FISH,  ETC. 


Pro- 

SA. 

1  0 

2  0 

4.. 9 

ii 

If 

140 

415 
'95 
390 

,i 

9 

? 

0.* 

61.7 

i 

84 

^85 
ISO 

46.7 

fi 

Rfi 

81.4 

.6 

'4 

« 

' 

0.7 
3-4 

45 
34S 

545 
'35 

]i 

7S-4 

0.9 

1 
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gilk,  or  that  possesses  the  marked  odor  that  accompanies  incipient  decom- 
position, should  not  be  used  as  food. 

Methods  of  Analysis. — ^These  are  similar  to  the  methods  given  for 
meat. 

Preservatives  in  Fish  and  Oysters. — Boric  acid  and  borax  in  mixture 
form  the  most  common  preservatives  of  salt  dried  fish  and  of  oysters. 
In  the  case  of  salt  codfish,  the  boric  mixture  is  sprinkled  on  the  surface. 
Such  surface  appUcation  in  some  states,  as  for  example  Massachusetts,  is 
allowed  by  law.  In  opened  oysters  sold  in  casks  and  kegs,  the  Hberal 
use  of  boric  mixture  is  frequent  in  solution  in  the  oyster  liquor. 

The  author  has  found  salicyUc  acid  in  bottled  clam  juice  and  clam 
bouillon. 

CONCENTRATED   FOODS. 

Under  the  name  of  "condensed"  or  "concentrated  foods"  or  "emer- 
gency rations"  a  number  of  canned  preparations  are  sold  for  the  use  of 
campers,  travelers,  armies  in  the  field,  etc.  These  consist  usually  of 
mixtures  of  dried  ground  meats  and  vegetables,  pressed  together  in  com- 
pact form,  and  preserved  in  tin  cans.  The  claims  made  for  the  food  value 
of  these  preparations  are,  as  a  rule,  extravagant  and  erroneous,  as  shown 
by  Woods  and  Merrill,*  who  give  the  following  analyses  of  some  of  these 
foods: 


Ration  cartridge,  pea,  beef,  etc.  . 

Blue  ration  campaigning  food,  a 
(I         <t  <<  ••       ^ 

Red  ration  campaigning  food,  a. . 

H  it  •(  <(  ff 

Ration  cartridge,  potatoes,  beef,  etc. 


Net 

Weight 

Con- 

tenta. 


Grams. 
241 
169 

78 

122 

77 

283 


Weight  of  Materials  in  Package. 


Water. 


Pro- 
teids. 


Fat. 


tt 


.( 


Emergency  ration,  a 

«•  "       b 

Nao  meat  food 

Army  rations 

Standard  emergency  ration, 


Emergency  ration,  a I     1 20 

"3 
121 

127 

437 
661 

418 

270 

49 

423 

475 
964 


i( 


(< 


<< 


ti 


a, 
b 


Arctic  food 

Tanty  emergency  ration. . . 
F-A  Food  Company's  stew. 


Grams. 

34.2 

76.1 

I   o 

1.2 

117. 9 

14.2 

1.9 

4.5 

5-7 

231-3 
420.2 

23.6 

17.0 

0-5 

30-7 

313-5 
638.0 


Grams. 

52-9 

37-5 
5.6 

26.2 

5-0 
62.3 

56.1 

8.2 

71.8 

8.3 

56.9 
101.2 

129.6 

50.6 

3.2 

75-1 
60.2 

149.2 


Grams. 
42.0 
9.0 

23-1 
18.5 
23.0 
12.6 
29.6 

32.7 
32 

15 
90 

84 
90 

54. f^ 
10.5 

167.3 
48.6 

114. 5 


6 

3 
I 

3 

•5 


Carbo- 

hy-        Ash. 
d  rates. 


Grams. 
98.0 

37-9 
46.9 

37-8 

46.6 

76.4 

II. 9 

68.0 

6.7 

94.8 

46.2 

47-9 
160.3 

137.0 
34.0 

119. 8 
41.9 

52.5 


Gram8. 

13-9 
8.5 

1.4 

5-7 
1.2 

13.8 
7.8 
2.2 

5-4 
2.9 

12.5 

7.4 
14.0 

10.6 

0.8 

30.1 

10.8 

9.8 


Total 

Fuel 

Value. 

Cals. 


1071 

432 
436 
496 
424 
772 
617 
622 
776 
:;88 
1328 

1542 

2198 

1402 

254 

2430 
1482 

2460 


*  Maine  Exp.  Sta..  BuL  75,  p.  X03. 
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CHAPTER   Vm. 

EGGS. 

Nature  and  Composition. — Though  eggs  of  various  birds  are  used  to 
somt  extent  as  food,  it  is  the  egg  of  the  hen  thai  is  in  universal  use  for 
this  purpose,  and  therefore  the  one  which  is  here  for  the  most  part  dis- 
cussed, Ix^aring  in  mind  that  the  structure  and  composition  of  all  varieties 
of  birds'  eggs  are  closely  analogous- 
Fig,  55  shows  the  longitudinal  section  of  a  hen's  egg. 


Fhj.  5;.— LoRKitiidinal  Section  of  a  Hen'a  Egg.    O,  Shell;    6,  Double  Membrane  of  Shell; 

c,  Air<hamber;  d.  Outer,  or  Fluid  Albumiroua  Layer;  e.  Thick,  Middle  Albuminous 
Laj-er;  /,  Inner  Albuminous  Layer;  g.  Membrane  of  Ihe  Chalaia;  hh,  Ihe  Chakza; 
J,  \'itelline  Membrane;   /,  Germ;    *,  Yolk;   ;,  Latebra.     (After  Mac*.) 

The  average  weight  of  a  hen's  egg  is  60  grams,  of  which  the  shell 
weighs  about  6,  the  white  36,  and  the  yolk  18.  Roughly  it  contains  70% 
of  water,  12%  of  albumin,  and  12%  of  fat. 

The  shell,  according  (o  Konig,  has  the  following  composition : 

Calcium  carbonate 89-97% 

Magnesium  carbonate o-  2% 

Calcium  and  magnesium  phosphate 0.5-  5% 

Organic  substances 2.0-  5% 
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The  mean  percentage  composition  of  the  eggs  of  the  hen,  duck,  and 
plover  are,  according  to  K6nig,  as  follows: 


Wmter. 
Percent. 

p^S!: 

PeTS^t. 

Nilr«en 

sUnce 
Per  Cent 

Percent. 

In  the  Dry  Sub- 

Pct'cIm. 

Per  Cent. 

„    , 

so -75 

12.14 
16.24 

;5;« 

0.1s 

3" -75 

0-S5 
0.13 

l!l6 
0.98 
0-S9 

1.09 

7.66 
6.78 
6.75 
14.  »S 
5-30 

45-99 
53-62 

64.43 

White  o(  hen's  egg 

Volk    "    '■       ■'   

The  Egg-white. — The  white  of  egg  has  a  specific  gravity  of  1.045, 
and  its  reaction  is  always  alkaline.  It  is  a  transparent,  albuminous  fluid 
inclosed  in  a  framework  of  thin  membrane.  The  fibrous  portion  of 
the  membrane  is  insoluble  in  water  and  in  dilute  acetic  acid. 

The  composition  of  the  fluid  substance  of  the  white  of  egg,  according 
to  Lehmann,  is  as  follows: 

Water. 82  to  88% 

Solids. 13-3%  (mean) 

Proteids 12-2%       " 

Sugar. 0.5%       " 

Fats,  alkaline  soaps,  lecithin,  cholesterin traces 

Inorganic  residue 0.66% 

The  proteid  substance  is  for  the  most  part  albumin,  with  a  small 
amount  of  globulin. 

According  to  Osborne  and  Campbell  *  the  nitrogen  compounds  of 
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in  dilute  salt  solution  at  a  lower  temperature  (below  60*^),  and  the  coagu- 
lum  is  more  flocculent  than  that  of  ovalbumin. 

Ovomucoid  is  not  coagulable  by  heat,  and  may  thus  be  separated 
(imperfectly)  by  filtering  out  all  the  coagulable  proteids. 

The  last  two  compounds  exist  in  very  small  amounts  only. 

Preparation  of  Albumin.* — By  beating  up  the  white  of  egg  in  water, 
the  salts  and  the  albumin  are  dissolved,  while  the  fibrous  portion  is  insolu- 
ble and  is  removed  by  filtration.  The  filtrate  is  then  treated  with  a  slight 
excess  of  basic  lead  acetate,  the  precipitate  decomposed  by  treatment  with 
carbon  dioxide,  and  the  lead  removed  by  hydrogen  sulphide.  The  solu- 
tion is  warmed  cautiously  to  60°  C,  thus  beginning  to  coagulate  the 
albumin,  a  small  part  of  which,  coming  down  in  a  flaky  form,  carries 
with  it  the  lead  sulphide.  On  filtering  or  pouring  oS  the  supernatant 
liquid  after  cooling,  one  obtains  a  colorless  solution  of  the  albumin,  which 
is  evaporated  to  dryness  below  40°.  The  albumin  is  obtained  in  the  form 
of  transparent  yellowish,  homy  scales,  which  may  be  pulverized  in  a 
mortar,  if  desired.  Its  specific  gravity  is  1.262.  It  is  tasteless,  odorless, 
and  neutral  in  reaction,  and  slowly  soluble  in  water. 

The  Egg-yolk. — ^This  is  much  more  complex  in  composition  than 
the  white.    HaUiburton  thus  enumerates  the  constituents  of  the  yolk: 

(a)  Proteids, — ^Vitellin,  the  chief  one,  a  globulin  resembling  myosin. 

Albumin,  in  small  quantities. 

Nuclein,  combined  chiefly  with  the  iron  present. 

(6)  Fats, — Olein,  palmitin,  and  stearin. 

A  yellow  lipochromc  or  lutein. 

{c)  Carbohydrates, — Grape  sugar  in  small  quantities. 

{d)  Other  Organic  Constituents,  —  Lecithin,  a  phosphorized  nitroge- 
nous body  allied  both  to  the  fats  and  to  the  proteids. 

Cerebrin. 

Cholesterin. 

{e)  Inorganic  Salts ^  the  most  abundant  of  which  is  potassium  chloride. 
Cobley  gives  the  following  composition  to  the  egg- yolk: 


Per  Cent. 

VitcUin 15.8 

Nucleiil 1.5 

Cerebrin 0.3 

Lecithin 7.2 

Glycerol  phosphoric  acid 1.2 


Per  Cent. 

Cholesterin 0.4 

Fats 20. 3 

Coloring  matters 0.5 

Salts i.o 

Water 51.8 


*  Allen,  Com.  Org.  Anal.,  VoL  IV,  p.  43. 
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Osborne  and  Campbell,*  as  the  result  of  long  and  careful  expen* 
ments,  consider  the  protein  of  egg-yolk  to  be  largely  if  not  wholly  a  lecithin 
compound,  having  properties  of  a  globulin,  and  soluble  in  sodiimi  chloride 
solution. 

The  fat  of  the  egg  yolk,  which  is  used  in  ointments,  has  the  following 
characteristics  according  to  Spaeth:! 

Specific  gravity  at  ioo°  C 0,881 

Iodine  number. 68.48 

Reichert-Meissl  value 0.66 

Refractive  index  at  25°  C.  (on  butyro-refractometer  scale)  68,5 

Melting-points  of  fatty  acids 36°  C. 

Iodine  number  of  fatty  acids 72 .6 

The  mineral  content  of  the  c^  is  thus  shown  by  KQnig: 

COMPOSITION  OF  THE  ASH  OF  EGGS. 


■Unix. 

Potuh. 

Soda. 

Ume. 

M^    1 J™ 

Pbo*- 

□hoTir; 

ADid. 

Sul- 
phuric 

Silica. 

Chlo. 

Hen's  egg:  entire.. 
while., 
yolk... 

3-48 
4.61 

17-37 
3"  .41 
9.29 

22.87 
S.87 

13  04 

1.79 
^-'3 

0-39 
0.57 
1.6; 

37.62 
4.41 
65.46 

0.32 

0.86 

.I:g 

1-95 

The  following  analyses  of  eggs  were  made  by  Wood  and  Merrill:  J 
AVERAGE  WEIGHTS  OF  EGGS  AND  PARTS  AS  PREPARED  FOR  ANALYSIS. 
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COMPOSITION  OF  EGGS. 


Turkey- 


Goose — 


white 

yolk 

entire  edible  portion. 

as  purchased 

white 

yolk 

entire  edible  portion. 

as  purchased 

Duck —  white . 

yolk 

entire  edible  portion. 

as  purchased 

Guinea  fowl — white 

yolk 

entire  edible  portion. 

as  purchased 

white 

yolk. 

entire  edible  portion. 

as  purchased 


13-8 


14.2 


13-7 


16.9 


II. 2 


I 


86.7 
48.3 

73-3 

63.5 
86.3 

69-5 

59-7 
87.0 

45-8 

70-5 
60.9 

86.6 

49-7 
72.8 

60.6 

86.2 

49-5 
73-7 
65-5 


Protein. 


"•5 
17-4 
13-4 
II. 6 

II. 6 

17-3 
13-8 

"-5 
II. I 

16.8 

II. 
II. 
16. 

13- 
II. 

12. 

15-7 
13-4 
II. 9 


S 

a 

£ 


n 


•5 
.6 

7 

5 
.2 

3 


2.5 
7-6 

4.2 


c8 


2 

9 
4 
I 

9 
2 


6.8 
4.0 
2.1 


.6 

3 
3 
9 


3-0 
6.1 

4.8 
3-1 


Trace 

32-9 
II. 2 

9-7 
Trace 

36.2 

14.4 

".3 
Trace 

36.2 

14.5 

12.5 

Trace 

31-8 
12.0 

9-9 
0.2 

33-3 
10.5 

9-3 


< 


0.8 
1.2 
0.9 
0.8 
0.8 

1-3 

I.O 

0.9 
0.8 

1.2 
1.0 
0.8 
0.8 
1.2 
0.9 

0-7 

0.6 

I.I 
1.0 
0.9 


• 

9 


Cal. 

325 

1875 
850 

735 

330 

1975 

985 
860 

315 
1980 

985 
880 

325 
1800 

875 
730 


METHODS   OF  ANALYSIS. 

Preparation  of  the  Sample.* — The  egg  is  first  weighed  as  a  whole  and 
afterwards  boiled  hard,  cooled,  and  again  weighed.  The  shell,  white,  and 
yolk  are  then  carefully  separated  and  each  weighed.  After  rejecting  the 
shell,  the  yolk  and  white  are  separately  reduced  by  a  chopping-knife  to 
the  size  of  wheat  grains.  These  portions  are  dried  partially  at  a  tem- 
perature not  exceeding  45^,  weighed,  and  afterwards  ground  to  a  fine 
powder  in  a  mortar. 

Determinations  of  water,  fat,  ash,  and  total  nitrogen  are  made  in  practi- 
cally the  same  manner  as  with  flesh  foods. 

Little  attention  has  been  paid  as  yet  to  the  complete  separation  and 
determination  of  the  nitrogen  compounds  in  the  white  and  yolk,  and  it 
is  customary  in  most  cases  to  express  the  protein  of  the  whole  as  NX6.25. 

Determination  of  Lecithin. — Wiley's  Method.^ — The  whole  egg,  ex- 
cluding the  shell,  is  placed  in  a  flask  with  a  reflux  condenser,  and  boiled  for 
six  hours  with  absolute  alcohol.  The  alcohol  is  then  evaporated  off,  and 
the  residue  treated  in  like  manner  for  ten  hours  with  ether.    After  evaporat- 

*  Woods  and  Merrill,  Maine  Exp  Sla.,  Bui.  75,  p.  92. 

t  Principles  and  Practice  of  Agricultural  Analysis,  Vol.  Ill,  p.  431. 
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iDg  o£E  the  ether,  the  dry  residue  is  rubbed  to  a  fine  powder,  placed  in  an 
extractor  and  treated  with  pure  ether  for  ten  hours.  The  ether  extract 
thus  secured  is  oxidized,  after  removal  of  the  ether,  by  fusion  with  mixed 
sodium  and  potassium  carbonates,  and  the  phosphorus  is  determined  in 
the  usual  way  as  magnesium  pyrophosphate.  The  amount  of  lecithin 
b  obtained  by  multiplying  the  weight  of  magnesium  pyrophosphate  by 
the  factor  7.2703,  on  the  basis  of  Hoppe-Seyler's  formula  for  lecithin: 

If,  for  example,  an  amount  of  organic  phosphorus  yielding  ao848 
gram  of  magnesium  pyrophosphate  is  found  in  54  grams  of  egg  exclusive 
of  shell,  then  0.0848X7.2703=0.61652  and  0.61652X100-1-54—1.14. 
Therefore  the  percentage  of  lecithin  in  the  egg  is  1.14. 

Preservation  of  Eggs. — Owing  to  the  porous  nature  of  the  shell,  the 
moisture  of  the  contents  gradually  grows  less  by  evaporation,  and  the  egg 
loses  in  weight.  Air  also  passes  in  through  the  shell  pores,  carrying 
various  microbes,  which  result  in  ultimate  decomposition  and  spoiling 
of  the  egg.  Nature  has  provided  the  shell  with  a  thin  surface  coating  of 
mucilaginous  matter,  which,  however,  is  easily  washed  oS.  This  coating 
tends  to  partially  close  the  pores,  and  for  best  results  in  keeping  should 
not  be  removed  by  washing. 

E^s  are  commonly  preserved  by  protecting  them  as  far  as  possible 
from  the  air.  This  is  accomplished  in  a  variety  of  ways,  the  most  common 
being  to  pack  the  eggs  in  salt  or  bran,  so  that  the  packing  medium  fills 
up  the  interstices  between  the  eggs.  Eggs  thus  packed  will  keep  con- 
siderably longer  then  when  exposed  to  the  air.  A  solution  of  salt  is  some- 
times employed,  and  also  lime  water,  the  eggs  being  simply  packed  in 
the  solution.     The  use  of  lime  water  is,  however,  open  to  the  serious  objec- 
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One  drawback  to  this  method  is  that  eggs  so  treated  break  more  easily 
on  boiling,  but  this  may  be  prevented  by  carefully  piercing  the  shell  with 
a  strong  needle. 

Cadet  de  Vanx  has  proposed  immersing  the  egg  in  boiling  water  for 
twenty  seconds,  the  result  being  that  a  very  thin  layer  of  the  egg-white 
next  the  shell  becomes  coagulated,  thus  forming  an  imper\ious  coating 
inside  the  shell. 

Physical  Examination  of  Eggs. — Various  physical  tests  have  been 
prescribed  for  ascertaining  the  approximate  age  of  an  egg.  Thus,  accord- 
ing to  Delame,  if  the  egg,  when  placed  in  a  10%  salt  solution,  sinks  to  the 
bottom,  it  may  be  considered  perfectly  fresh;  if  it  remains  immersed  in 
the  liquid,  it  is  to  be  considered  at  least  three  days  old;  and  if  it  rises  to 
lh(.'  surface  and  floats  thereon  it  is  more  than  five  days  old.  This  test 
is  a  wry  rough  one,  and  is  useful  only  for  eggs  that  have  been  kept  in  the 
air.     Preser\'ed  eggs  cannot  be  gauged  by  this  means. 

The  best  method  of  examining  eggs  for  freshness  consists  in  interposing 
the  egg  between  a  bright  light  and  the  eye.  If  the  egg  is  fresh,  it  will 
show  a  perfectly  uniform  rose-colored  tint,  \\athout  dark  spots,  the  air- 
chamber  being  small  and  occupying  about  one-twentieth  the  capacity  of 
the  egg.  If  the  egg  is  not  fresh,  it  will  appear  more  or  less  cloudy,  being 
darker  as  the  egg  grows  older,  becoming  in  extreme  cases  opaque.  At 
the  same  time  the  air-chamber  grows  larger  as  the  age  increases. 

Desiccated  Egg. — It  is  possible  to  evaporate  to  drjness  the  contents 
of  the  egg  to  form  a  powder,  the  keeping  qualities  of  which  far  exceed 
that  of  ordinary  eggs,  while  it  forms  a  concentrated  food  which  lends 
itself  much  more  readily  to  transportation  than  does  the  fresh  egg  in  the 
shell.  Several  brands  of  desiccated  egg  are  on  the  market,  which  from 
their  analyses  are  undoubtedly  genuine.  The  following  are  analyses 
of  two  of  them,  one  (A)  made  by  the  Bureau  of  Chemistr}-,  the  other  (B) 
by  the  Massachusetts  State  Board  of  Health: 

A.  B. 

Water 6 .80  5 .95 

Protein  (NX 6.25) 45-20  48.15 

Protein  by  difference 5 1  •  20 

Fat 38.5  40.56 

Ash 3.5  5.34 

Egg  Substitutes. — There  have  been  many  preparations  in  powdered 
form  sold  under  this  name,  nearly  all  claiming  to  contain  all  the  ingredients 
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■  of  eggs,  but  most  of  them  falling  far  short  of  these  claims.  Some  of  them, 
as  for  instance  those  nude  from  desiccated  skimmed  milk,  do  contaia 
nitrogenous  matter,  but  as  a  rule  httlc  if  any  fat. 

Two  samples  of  "egg  substitute"  sold  in  Massachusetts  were  analyzed 
with  the  following  results:* 

A.  B. 

Protein 16.94  18.73 

Fat 3.43  3-40 

Water. 6.71  7,01 

Corn-starch,  salts,  and  color- 

ingmatter 72.92  70-87 

A  ten-cent  package  of  sample  A,  weighing  about  2  ounces,  was  alleged 
to  be  equivalent  to  12  eggs.  Starch  furnished  the  chief  ingredient  in 
both  samples. 

One  of  the  most  flagrant  examples  of  fraud  in  this  connection  was  a 
product  sold  under  the  name  "N'egg,"  advertised  to  contain  the  nutritive 
equivalent  of  the  whites  and  yolks  of  a  dozen  eggs,  "their  composition 
being  based  on  careful  scientific  analysis  of  natural  eggs."  It  was  put 
up  in  tvvo  small  boxes,  one  containing  a  white  and  the  other  a  yellow 
dry  powder.  Both  were  entirely  devoid  of  nitrogen,  and  consisted  of 
nearly  pure  tapioca  starch  with  a  little  common  salt,  the  color  of  the 
"yolk"  being  due  to  Victoria  yellow. 

Some  egg  substitutes  are  sold  under  the  name  of  "custard  powders," 
and  are  alleged  to  take  the  place  of  eggs  in  cooking.  These  are  variously 
made  up  of  mixtures  of  skim-milk  powder,  coloring  matter,  and  baking 
powder  ingredients  as  shown  from  the  following  analyses  rf 
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CHAPTER  DC 

CEREALS  AND  THEIR  PRODUCTS,  LEGUMES,  VEGETABLES, 
AND  FRUITS. 

The  chief  points  of  difference  in  composition  between  the  animal 
foods  already  treated  of,  and  those  of  the  vegetable  kingdom,  are  apparent 
in  the  relative  amounts  of  proteids  and  carbohydrates.  The  proteids 
present  in  the  cereals  and  vegetables  differ  materially  both  in  character 
and  amount  from  those  in  the  flesh  foods,  being  as  a  rule  present  to  a 
much  greater  extent  in  the  meats  than  in  the  grains  and  vegetables.  The 
fcguminous  foods,  such  as  peas,  begins,  and  lentils,  are,  however  somewhat 
exceptional  in  this  respect,  being  comparatively  high  in  nitrogenous 
content. 

The  carbohydrates,  which  in  the  flesh  foods  are  almost  entirely  lack- 
ing, and  in  milk  and  its  products  are  present  to  a  small  extent  only,  form 
the  most  important  and  abundant  class  of  constituents  in  the  vegetable 
foods. 

The  composition  of  the  principal  cereal  grains  is  tabulated  as  follows 
by  Villier  and  Collin: 
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CEREAL    GRAINS. 


Num- 
ber of 
Analy- 
ses. 


Barley: 

Mean , 

Buckwheat: 

Mean 

Corn,  domestic: 

Maximum 

Minimum 

Mean . .' 

Oats,  domestic : 

Maximum 

Minimum . 

Mean 

Rice: 

rnhulled 

UnjKilished  .. . 

Polished 

Rye,  domestic: 

Maximum 

Minimum 

Mean 

Wheat,  domestic: 

Maximum.. . . 

Minimum.  . . . 

Mean 

Wheat,  foreign: 

Maximum.... 

Minimum.  ... 

Mean 


14 


10 


4 
6 

14 


Weiffht' 

of  100    «,  .  ^ 

Ker-  I  Moist- 

nels,   I     ^^• 
Grams.' 


3- 

48. 
10. 

38. 

3 
2, 

2. 

2 
2 
2. 

4. 
I. 

2. 
6. 

2< 

3- 

5. 
2. 

4. 


533 

060 

I 

I 
,312 

,608 
979 

891! 
,038 

.918 

.929 
.466 
.132 

t 

.201 
•932 
•493| 

190 

125 
866 

723, 

250, 
076, 


Pro- 
teids. 


6.47 


11.52 


2.31;    10.86 


2.32I 
9.58I 

0-93; 


"•55 
8.«;8 

9.88 


3.021  15.05 

7.871  9.10 

0.061  12.15 

I 

0.28  7.9c; 

1.88,  8.02 

2.34J  7-18 

1.45'  18.99 

9.54  8.40 

0.62I  12.43 

I 

I 

4-53|  17.15 

7. II,  8.58 

0.621  12.23 


2.97 
8.52 
1.47 


14.52 

8.58 

12.08 


Ether 
Ex- 
tract. 


2.67 
2.06 
5.06 


2. 

4- 

6. 
o, 
4 


94 
•17 

14 
93 


1.65 
1.96 
0.26 

2.30 
1. 16 
1.65 

2.50 
0.28 


Crude 
Fiber. 


Ash. 


i-  cO 

c3 


3.81 


2.87    72.66 


10.57,    1. 851  63.34 


2.00  I 
1. 00 

1. 71 

I 

16.65 
8.57  - 
12.07 

'         i 
10.42  I 

0.93  , 
0.40  I 

2.50 
1.65 
2.09 

3.72 
1.70 


.  m       I 


1.55       '       75-07 
I.   19  68.97 

1.36  71.95 


4.37 
-.47 

3.4^> 


61.44 

53-70 
58.75 


I 


1.77  I  2.36 


4.09  '  65.60 
1. 15  76.05 
0-46  I  79.36 

2.41  I  75.36 
1.7c  I  63.61 
1.92  ,  71.37 

2.35  1  76.05 
1.40  ,  66.67 
1.82  I  71.18 


Wet 

Gluten. 


2.26  '  2.89  ;  2.04  '  76.14 
0.73  I  1.87  i  1.67  I  67.01 
1.78  ,  2.28  ,   1.73  I  70.66 


Dry 
Gluten. 


39.05 

12.33 
26.46 

32.57 
18.72 

25-36 


14.65 

4.70 
10.31 

12.33 
7.00 

9.82 


Balland  *  gives  the  following  percentage  composition  of  Ix^ans,  lentils, 
and  peas: 


WaltT I  10.10 

Nil  roi^cnous  substances |  1381 

Fat o.g8 

Sugars  and  starches 5^.01 

Cellulose I  2.46 

Ash I  2.38 


*  Jour.  Pharm.  Chem.,  1897,  pp.  196,  197. 
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The  composition  of  potatoes,  according  to  Balland,*  is  as  follows: 


Water. 

Nitroge- 

FM. 

Bt>nb«. 

Ollulon. 

A«h. 

66.  lo 

80.60 

^1^ 

S-98 

0.04 

o!ig 

.5.5" 

3^06 

i.iZ 

4-38 

The  composition  of  the  common  vegetables,  fruits,  and  berries  is  thus 
given  by  Atwatcr  and  Bryant-f 


VEGETABLES. 


i> 

i 

S|. 

^1 

1 

^ 

it 

e 

^£| 

r 

» 

1 

i 

'it. 

1  i 

Id 

Asparagus —            as  purchased 

3 

94.0 

1.8 

a.i 

3  3 

.8 

7 

'05 

Beans,  dried —        as  purchased 

6 

ai-S 

8 

59 

6 

4-4   1  3 

s 

1605 

Beans,  fresh  Lima— edible  portion.. 

68 

5 

7 

■-7      I 

7 

570 

as  purchased 

55-° 

3° 

8 

3 

9 

.8 

8 

'SS 

Beets,  fresh —         edible  portion , . 

87 

1.6 

9 

7 

-9     ' 

a  IS 

as  purchased . . . 

70 

'-3 

7 

7 

9 

170 

■  CabbiRC—              edible  portion.. 

1(1'' 

9' 

1.6 

3 

5 

6 

I4S 

as  purchased 

Carrot,  fresh—        edible  ixirtion. . 

15-0 

J7 

1-4 

4 

8 

9 

lis 

is" 

88 

9 

3 

as  purchased... 

■9 

7 

4 

9 

iCo 

Celery—                  edible  portion. . 

5 

94 

3 

3 

8S 

as  purchased... 

75 

■9 

6 

8 

70 

Cauliflower—          as  puirhascd. . . 

1.8 

S 

7 

7 

140 

Cucumber —            edible  portion. . 

4 

9S 

.8 

3 

I 

5 

80 

as  purchased... 

150 

81 

-7 

6 

4 

70 

Lettuce—                edible  portion  . . 

"g" 

94 

3 

9 

.7 

9 

90 

So 

S 

8 

75 

88 

3-5 

6 

8 

'.$'    I 

Onion,  fresh—        edible  portion.. 

IS 

87 

..6 

3 

9 

9 

-8 

6 

135 

^H 
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FRUITS. 


Apples — 

Apricots — 

Bananas  — 

Blackberries — 
Cherries  — 

Cranberries — 
Currants — 
Figs,  fresh — 
Grapes — 

Huckleberries - 
Lemons  — 

Muskmelons — 

Oranges — 

Pears — 

Pineapple — 
Plums — 

Prunes — 

Raspberries — 
Strawberries — 

Watermelon — 


edible  portion  . . . . 

as  purchased 

edible  portion 

as  purchased 

edible  portion 

as  purchased 

as  purchased 

edible  portion 

as  purchased 

as  purchased ...  . . . 

as  purchased 

as  purchased 

edible  portion 

as  purchased 

-edible  portion 

edible  portion 

as  purchased 

edible  portion 

as  purchased 

edible  portion 

as  pui  chased 

edible  portion 

as  purchased 

edible  portion 

edible  portion 

as  purchased 

edible  portion 

as  purchased 

as  purchased 

edible  portion 

as  purchased 

edible  portion 

as  purchased 


o 


29 


II 


9 
16 


3 
I 

28 
5 


23 


24 


22 


25 


6 

35 


25 


30 
50 


27 
10 


59 


mm 

I 


8 


84.6 

633 
85.0 

79-9 

75-3 
48.9 

86.3 

80.9 

76.8 

88.9 

85.0 

79-1 
77-4 
58.0 

81.9 

89.3 
62.5 

89.5 
44.8 

86.9 

63-4 
84.4 

76.0 

89.3 
78.4 

74.5 
79.6 

75-6 
85.8 
90.4 

85.9 
92.4 

37.5 


I 


.4 

-3 
.1 

.0 

-3 
.8 


^-3 

i.o 

•9 

.4 

1-5 

1-5 

1-3 
1.0 

.6 

1.0 

.7 
.6 

.3 
.8 

.6 

.6 

-5 

.4 

1.0 

-9 

.9 

.7 
1.0 

1.0 

-9 
-4 
.2 


1 


6 

4 
o 

8 

8 

6 


4-2 
0.8 

3-4 
2.6 

2.0 
4-3 


o, 
6. 

5- 
9- 


2 
I 

5 

4 


6 
6 
2 
I 


2.8 
8.8 

9-2 

4-4 
6.6 

8.5 

5-9 

9-3 
4.6 

II. 6 

8.5 
14. 1 
12.7 

9.7 
20.1 

19. 1 

18.9 

17.4 
12.6 

7-4; 
6.7, 

2-7 


I 

•S 


1.2 


1.6 


2.5 

.2 


1-5 


4.3 


I.I 


2.1 


2.7 


.4 


2.9 
1-4 


7 
6 

5 
4 
3 
5 
4 
6 

3 

5 
4 

4 

4 

3 

5 

5 
6 

5 
6 

6 

6 

3 
I 


300 
270 

365 

345 

215 
265 

380 

450 

335 

345 
205 

145 

185 
90 

240 

170 

295 
260 

200 

395 

370 

370 

335 

255 
180 

175 
140 

60 


The  following  analyses  of  apples  made  by  Browne  *  are  of  interests 
The  first  four  analyses  show  the  changes  that  occur  in  the  composition 
of  a  Baldwin  apple  at  different  stages  of  its  growth.  Below  these  is 
given  the  average  of  the  analysis  of  160  samples,  representing  27  varieties 
of  apples. 

COMPOSITION  OF  A  BALDWIN  APPLE  AT  DIFFERENT  PERIODS. 


Condition.    '  Water.      Solids. 


Verygfrecn..    81.53 

Green j  79.81 

Ripe i  80.36 

Over-ripe. ...  80. 30 


18.47 

6.40 

1.63 

20.19 

6.46 

4.05 

19.64 

7.70 

6.81 

19.70 

8.81 

5.26 

Total 
Sugar. 

Total 
Sunrar 
after  In- 
version. 

SUrch. 

Free 
Malic 
Acid. 

Ash. 

8.03 
10.51 

14-51 
14.07 

8. II 
10.72 
14-87 

14-35 

4.14 

3.67 
0.17 

•  •  •  • 

1. 14 

•   •    •   • 

0.65 
0.48 

0.27 

•  •  •  • 

0.27 
0.28 

Sugar 
Co- 
efficient. 


47.16 
53-IO 

75-71 

72.84 


*  Penn.  Dept.  of  Agriculture,  Bulletin  58. 
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AVERAGE   COUPOSITION   OF   27   VARIETIES   OF  APPLES. 

Water 83.57 

Solids 16-43 

Invert  sugar 7,92 

Sucrose 3.99 

Total  sugar 11 

Total  sugar  after  inversion 12 

Free  malic  acid o. 

Ash 0.27 

Sugar  coefBcient 73-76 

The  composition  of  the  commoner  nuts  is  shown  in  the  following 
table:* 


i                 -        

11 

1 

1 
if 

4 

1 

i 

P 

j 

i 

SI 

Almonds—                   edible  portion. 

aspurchnscd.. 
Beechnuts —              edible  portion. 

as  purchased. . 
Braiil-nuts—             edible  portion. 

as  purchased . . 
Butternuts —             edible  portion. 

05  purchased.. 
Chestnuts,  fresh —    edible  portion. 

Coroanuts—             edible  portion. 

as  purchased.. 
Filberts—                  edible  portion. 

B4  purchased.. 

I. 

40.8 

49-6 

I'tS.o 

48.S 

4.8 
4'° 

.6 
37-8 

3-7 

1  R 

JO.O 

I'-S 

13.0 
17.0 
8.6 

'U 

6-a 
5-' 
5-7 

S4 

30 
57 
34 
66 
33 
8 
5 

'4 

9 

8 

7 

3 

I 

9 
3 

'7-3 

9-S 

•11 

7.0 
5-5 

;j 

iS-4 
»7-9 
14.3 
13-0 

6  I 

"I'.S 

s 
9 
9 

7 
9 

3=75 

3t6S 
430 
11S5 
94S 
1760 
1413 
3190 

■■ 
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but  little  space  need  be  given  them  beyond  a  r&um^  of  their  composition, 
and  an  outline  of  methods  of  proximate  analysis  applicable  to  their  exam- 
ination for  food  values.  When,  however,  these  products  undergo  the 
various  processes  incidental  to  their  treatment  for  long  keeping,  such 
as  preserving,  canning,  drying,  pickling,  and  mixing  with  other  ingredients, 
:1  is  then  that  many  varieties  of  fraudulent  adulteration  are  practiced. 
Vegetable  foods  thus  prepared  form  the  subject  of  a  separate  chapter. 
Besides  the  proximate  components  that  commonly  occur  in  vegetable 
products,  there  are  two  other  substances  worthy  of  mention  found  in 
unripe  vegetables  and  fruits,  viz.,  inositc  and  pectose. 

Inosite,  CoHizOajHjO,  is  not  a  carbohydrate,  but,  according  to  Ham- 
mersten,  is  an  aromatic  compound.  Besides  occurring  in  unripe  fruits, 
it  is  found  in  green  asparagus  and  beans. 

Pectose  is  a  substance  the  exact  nature  of  which  has  not  been  fully 
determined,  though  it  is  thought  to  be  a  carbohydrate.  It  gives  to  unripe 
fruits  and  vegetables  their  peculiar  hardness,  and  furnishes  the  basis  for 
their  gelatinous  constituents.  When  the  vegetable  or  fruit  ripens,  the 
insoluble  pectose  is  transformed  by  the  action  of  acids  and  possibly  of 
ferments  into  pectin^  a  vegetable  jelly,  which  gives  to  fruit  juice  the  property 
of  gelatinizing  when  boiled. 

Inulin,  CeHioOj,  is  a  starch-like  substance,  occurring  in  traces  in 
chicory,  and  in  the  tubers  of  the  potato  and  of  the  artichoke.  It  is  a  white, 
starch-like  powder,  slightly  soluble  in  cold,  and  readily  soluble  in  hot 
water,  and  converted  into  levulose  by  boiling  with  water,  or  by  the  action 
of  acids. 

METHODS   OF   PROXIMATE   ANALYSIS. 

Preparation  of  the  Sample. — Cereals  and  dry  leguminous  foods  are 
prepared  for  analysis  by  grinding  in  a  coffee-  or  spice- mill  to  such  a 
degree  of  fineness  that  the  powder  will  pass  through  a  sieve  with  60  meshes 
to  the  inch.  Green  vegetables,  beets,  green  peas,  etc.,  are  best  reduced 
to  suitable  form  for  analysis  by  running  through  a  domestic  grinding- 
machine  of  the  kind  ordinarily  employed  in  the  kitchen  for  grinding 
and  shredding  meats  and  vegetables,  being  by  this  means  reduced  to  a 
pulp  of  uniform  consistency. 

The  following  methods  are  based  for  the  most  part  on  those  of  the 
Association  of  Official  Agricultural  Chemists,  employed  for  the  analysis  of 
foodstuffs  with  modifications.* 

♦  U.  S.  Dcpt.  ol  Agric,  Div.  of  Chem.,  Bui.  46,  revised. 
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Moisture. — From  2  to  3  grams  of  the  finely  divided  substance  arc 
spread  evenly  over  the  bottom  of  a  shaUow  platinum  dish  or  watch-glass, 
and  dried  at  100°  C.  in  an  air-oven  for  five  hours. 

Ash. — The  residue  from  the  moisture  determination  (if  a  platinum 
dish  has  been  used)  is  burned  in  the  original  dish  to  whiteness  at  the 
lowest  possible  red  heat.*  If  a  white  ash  cannot  be  obtained  in  this  manner, 
exhaust  the  charred  mass  with  water,  collect  the  insoluble  residue  on  a 
filter,  bum,  add  this  ash  to  the  residue  from  the  evaporation  of  the  aque- 
ous extract,  and  heat  the  whole  to  a  low  redness  till  the  ash  is  white  or 
nearly  so. 

Ether  Extract. — 2  to  3  grams  of  the  sample  are  dried  as  for  the  determin- 
ation of  moisture,  and  extracted  for  sixteen  hours  with  anhydrous,  alcohol- 
free  ether  in  a  Soxhlet  extractor.  Dry  the  extract  to  constant  weight, 
or  the  ether  extract  may  be  determined  indirectly  from  the  difference  in 
we^ht  of  the  dried  substance  before  and  after  extraction,  weighing  it  for 
convenience  in  the  extraction  tube. 

Proteids. — The  total  nitrogen  is  determined  according  to  the  Gunning 
method  in  the  absence  of  nitrates,  using  0.5  gram  of  the  finely  divided 
substance.  The  total  proteids  are  calculated  by  multiplying  the  total 
nitrogen  by  the  appropriate  factor,  which  varies  with  the  different  cereals. 
The  factors  for  the  common  cereals  are  as  follows:  wheat,  5.70;  lye,  5.62; 
oats,  6.31;  com,  6.39;  and  barley,  5.82. 

Total  Carbohydrates. — ^These  arc  roughly  determined  by  difference. 

Crude  Fiber  {Cellulose)'^. — The  residue  from  the  determination  of  the 
ether  extract  is  transferred  to  a  500-cc.  flask  and  200  cc.  of  boiling  1.25% 
sulphuric  acid  are  added.  Connect  the  flask  with  an  inverted  condenser, 
the  tube  of  which  passes  only  a  short  dbtance  b^ond  the  rubber  stopper 
into  ihc  flask.     Boil  at  once,  and  continue  the  boilinff  for  lliiny  minutes. 
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be  made  on  a  second  piece  of  filter-paper  to  show  the  loss  occasioned  by 
treatment  with  alkali,  and  the  necessary  correction  should  be  made. 

The  filter  used  for  the  first  filtration  may  be  linen,  one  of  the  forms  of 
glass  wool  or  asbestos  filters,  or  any  other  form  that  secures  clear  and 
reasonably  rapid  filtration.  A  gooch  was  originally  prescribed  for  the 
final  filtration,  but  with  many  substances  is  apt  to  clog.  The  solutions 
of  sulphuric  acid  and  sodium  hydroxide  are  to  be  made  up  of  the 
specified  strength  determined  accurately  by  titration,  and  not  merely 
from  specific  gravity. 

CARBOHYDRATES  OF  CEREALS  AND  VEGETABLES. 

Classification. — As  a  rule  the  same  carbohydrates  are  found  in  all 
cereals,  being  present,  however,  in  varying  proportions.  By  far  the  greater 
part  of  the  carbohydrate  content  of  cereals  is  starch,  the  other  carbohydrates 
being  comparatively  small  in  amount,  so  that  in  rough  work  it  is  sometimes 
customary,  though  incorrect,  to  assume  the  entire  amount  of  so-called 
*' nitrogen-free  extract*'  or  carbohydrates  (as  determined  by  difference) 
to   be  starch. 

The  carbohydrates  occurring  in  cereals  may  be  classified  as  follows: 


'  Insoluble, 


Principal  carbohydrates 
of  cereab: 


1 


Soluble. 


'Starch 
Cellulose 
.  Pentosans 

• 

Sucrose 
Dextrose 
Dextrin 
.  RafBnose  (traces) 


Starch  (C5Hio05)„. — Pure  starch  is  a  glistening,  white,  granular 
powder  having  a  peculiar  feeling  when  rubbed  between  the  thumb  and 
finger.  It  is  a  vcrj'  hygroscopic,  commercial  starch  containing  about  18% 
of  moisture.  Starch  is  ver}^  widely  distributed  in  the  vegetable  kingdom, 
occurring  in  almost  ever}'  plant  at  some  stage  in  its  growth. 

Starch  is  insoluble  in  cold  water,  alcohol,  and  ether;  it  is  soluble  in 
hot  water,  though  not  without  change.  By  boiling  with  dilute  acids, 
starch  is  first  converted  by  hydrolysis  into  a  mixture  of  dextrin  and 
maltose,  and  finally  by  prolonged  boiling  into  dextrose.  Malt  extract 
also  hydrolizes  starch  in  solution. 

Detection. — Starch  is  best  detected,  when  present  to  any  appreciable 
extent  in  any  mixture,  by  boiling  a  portion  of  the  sample  in  water,  cooling, 
and  applying  a  solution  of  iodine.  A  characteristic  blue  color  is  pro- 
duced if  starch  is  present.    Very  small  amounts  of  starch  are  best  iden- 
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little  groups  or  masses  that  at  first  s^ht  m^ht  be  mistaken  for  large 
grains',  careful  examination,  however,  shows  the  dividing  lines. 

BuckwhaU  Starch  (Fig.  128,  PI.  II,  and  Fig.  129,  PI.  III).— This  is  a 
very  common  adulterant  of  many  spices,  especially  pepper,  which,  as  shown 
in  Fig.  256,  PI.  XXXIV,  it  much  resembles  in  the  manner  in  which  its 
aggregate  masses  of  granules  group  themselves.  The  individual  granules 
are  quite  uniform  in  size,  averaging  about  0.006  mm.  in  diameter,  and 
the  masses  are  usually  with  difficulty  broken  up  into  individual  grains, 
requiring  considerable  rubbing  out  under  the  cover-glass. 

Rice  Starch  (Fig.  143,  PI.  VI). — The  granules  of  rice  starch  arfe  con- 
siderably smaller  than  those  of  buckwheat,  and  are  readUy  dbtingu'shcd 
from  the  latter  also  by  reason  of  the  fact  that  they  are  much  more  sharply 
pointed  (having  less  obtuse  angles),  and  are  grouped  in  smaller  masses. 

Starches  0}  the  Pea  and  Bean. — The  starches  of  these  legumes  much 
resemble  each  other,  and  are  with  difficulty  disiinguLshed  one  from  the 
other  (see  Fig.  164,  PI.  XI,  and  Fig.  154,  PI.  IX).  The  granules  are 
more  nearly  oval  than  most  other  starches,  and  have  both  concentric 
rings  and  very  marked  hila.  The  starch  of  the  pea  is  perhaps  more 
regular  and  uniform  in  the  size  and  form  of  its  granules  than  that  of  the 
bean.  Both  peas  and  beans  roasted  are  commonly  used  as  adulterants  of 
coffee. 

Arrowroot. — There  are  many  varieties  of  this  starch,  including  Jamaica, 
Bermuda,  East  Indian,  Australian,  and  others,  all  having  certain  varia- 
tions in  form  and  size,  but  resembling  each  other  in  a  general  way. 
Fig.  167,  PI.  XII,  shows  the  Bermuda  arrowroot,  the  granules  of  which 
are  somewhat  egg-shaped,  being  usually  smaller  at  one  end  than  iho 
other,  and  ha\ing  rifted  hila  near  the  small  end. 
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purity  conveniently  at  hand,  and  in  all  doubtful  cases  these  should  be 
referred  to  for  comparison. 

WltecU  Starch  (Fig.  152,  PL  VIII). — ^This  starch  is  very  commonly  used 

as  an  adulterant  of  mustard,  ginger,  cocoa,  coffee,  and  other  foods.    Its 

granules  are  circular   disks,  occurring  for  the  most  part  in  two  sizes,  of 

^w'hich  the  larger  vary  from  0.021  mm.  to  0.041  mm.  in  diameter,  while  the 

^smaller  average   about   0.005    ^"^-    The   smaller  granules  are  grouped 

irregularly  in  and  around  the  larger,  there  being  six  to  ten  of  the  former 

to  one  of  the  latter.     The  larger  granules  are,  however,  the  most  distinctly 

characteristic,  and  are  usually  readily  recognized  in  a  mixture,  not  only 

"by  their  shape,  but  by  reason  of  the  concentric  rings  with  which  they  arc 

provided,  and  which  are  generally  but  not  always  apparent. 

Barley  Starch  (Fig.  124,  PL  I)  — This  much  resembles  wheat,  in  that  it 
has  two  sizes  of  circular  granules,  but  both  sizes  are  respectively  smaller 
than  those  of  wheat,  though  present  in  about  the  same  proportion.  The 
larger  granules  vary  from  0.013  mm.  to  0.035  mm.  in  diameter,  while  the 
smaller  average  0.003  mm.  The  concentric  rings  are  less  apparent  in 
the  barley  than  in  the  wheat. 

Rye  Starch  (Fig.  148,  PL  VII)  has  also  two  sizes  of  circular  disk-like 
granules,  but  the  larger  vary  from  0.025  mm.  to  0.05  mm.  in  diameter, 
and  are  considerably  larger  than  the  corresponding  wheat  granules.  The 
smaller  granules  average  about  0.004  mm.  in  diameter.  There  is  also  a 
much  larger  proportion  of  small  granules  present  than  in  the  case  of  wheat. 
The  concentric  rings  are  often  very  distinct  in  the  large  rye  starch 
grains,  and  many  of  these  show  cross-shaped  rifts  in  the  center. 

Corn  Starch  (Fig.  133,  PL  IV). — ^This  starch  is  a  common  adulterant 
of  spices,  cocoa,  and  other  foods.  It  is  placed  in  a  series  of  four  cereal 
starches  whose  granules  are  [X)lygonal,  and  all  of  which  show  more  or 
less  tendency  to  arrange  themselves  in  close  contact  side  by  side  in 
masses  suggestive  of  a  tessellated  or  mosaic  floor.  Arranged  in  order 
of  the  size  of  their  grains,  these  starches  are:  Corn,  oats,  buckwheat, 
and  rice.  Corn  starch  granules  tend  toward  the  hexagonal  in  shape, 
varj'ing  from  0.007  ^^-  ^^  0.023  mm.  in  diameter,  and  having  very 
marked  rifted  hila.  They  are  most  readily  recognized  in  any  mixture, 
and  from  their  size  are  readily  distinguishable  from  the  other  polygonal 
starches. 

Oat  Starch  (Fig.  139,  PL  V). — The  granules  of  this  starch,  averaging 
0.004  n^^-  ir^  diameter,  are  less  regular  in  shape  than  the  com,  besides 
being  smaller.    They  have  no  rings  or  hila,  and  arrange  themselves  in 
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Exhaust  3  grams  of  the  finely  divided  substance  with  ether  and 
alcohol  as  in  the  acid  conversion  method,  wash  the  residue  into  a  beaker 
with  loo  cc.  of  water  and  boil  directly  for  30  minutes,  stirring  constantly 
and  restoring  the  water  lost  on  evaporation.  Cool  to  55°  C,  add  20  cc. 
of  malt  extract  (prepared  as  below),  and  maintain  at  this  temperature  for 
one  hour  with  occaaional  stirring.  Boil  a  second  time  for  15  minutes^ 
cool  again  to  55°  C,  and  digest  once  more  with  10  cc.  of  additional  malt 
extract.  The  treatment  with  malt  converts  the  starch  into  dextrin  and 
maltose.  Heat  to  boiling  a  third  time,  coal  and  make  up  to  250  cc. 
Filter,  transfer  aoo  cc.  of  the  filtrate  to  a  500  cc.  flask,  and  add 
20  cc.  of  hydrochloric  acid  (specific  gravity  1.125),  connect  with  a  reBux 
condenser  and  heat  in  a  boiling-water  bath  for  two  and  one-half  hours, 
bj'  which  process  the  dextrin  and  maltose  are  converted  into  dextrose. 
Cool,  neutralize  carefully  with  sodium  hydroxide  (avoiding  an  excess), 
clarify  if  necessary  with  10  to  20  cc.  of  alumina  cream  (p.  482),  and 
make  up  to  500  cc.  Mix  well,  pour  through  a  dry  filter,  and  determine 
the  dextrose  in  an  aliquot  part  of  the  filtrate,  using  the  factor  0.9  for 
converting  dextrose  to  starch.  Correct  for  the  qopper  reducing  power 
01  ;he  malt  extract,  as  below. 

Preparation  0}  Malt  Exiracl. — Dry  malted  barley  can  be  readily  ob- 
tained from  any  brewer)'.  Treat  15  to  20  grams  of  freshly  pulverized 
malt  for  several  hours  with  100  cc,  of  water,  shaking  occasionally.  Filter 
the  solution,  and  add  two  or  three  drops  of  chloroform  to  prevent  the 
gruvnh  of  fungi.     Determine  the  amount  of  dcsirosc  jn  a  given  nuantitv 
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Cellulose  turns  violet  when  treated  with  chloriodide  of  zinc,  and  blue 
when  treated  with  sulphuric  acid  and  iodine  in  potassium  iodide  (p.  79). 

The  "crude  fiber"  as  determined  in  foods,  being  the  portion  that 
resists  the  action  of  hot  dilute  acid  and  alkali,  is  composed  largely  of 
cellulcse. 

The  Pentosans  are  of  comparatively  small  importance,  and  have  been 
little  studied.  They  arc  amorphous  in  character,  insoluble  in  water, 
but  soluble  in  dilute  alkali,  and  are  capable  of  conversion  by  boiling  with 
dilute  acids  into  so-called  pentose  sugars,  the  best  known  of  which  are 
xylose  and  arabinose,  corresponding  to  the  pentoses  xylan  and  araban 
respectively.  Strictly  speaking  the  term  *'hcmicellulose"  is  the  more 
appropriate  generic  term  to  apply  to  the  insoluble  carbohydrate  bodies 
which  arc  capable  of  hydrolysis  by  acids  to  sugars,  inasmuch  as  there 
are  insoluble  bodies  besides  the  pentosans  that  may  thus  be  converted 
into  sugar,  such  as  the  hexosans,  hydrolyzcd  l)y  acid  to  hexose  sugars, 
mannose,  galactose,  etc.  The  term  "wood  gum"  is  also  used  synony- 
mously with  hemicellulose.  Since  the  greater  portion  of  these  insoluble 
hydrolizable  carbohydrates  are  pentosans,  it  is  simpler  to  calculate  them 
all  as  such. 

Determination  of  Pentosans. — Pentosans  are  determined  either  by 
hydrolyzing  to  reducing  sugar,  and  estimating  the  latter  as  described  on 
page  228  (Stone's  method)  or  by  calculation  from  the  furfurol  *  yielded 
by  them  on  distillation  of  the  sample  with  hydrochloric  acid,  as  carried 
out  in  the  provisional  method  of  the  A.  O.  A.  C.t  as  follows: 

Three  grams  of  the  material  are  placed  in  a  flask,  together  with  100  cc. 
of  12^^,  hydrochloric  acid  (specific  gravity  1.06)  and  several  pieces  of 
recently  heated  pumice  stone.  The  flask,  placed  upon  wire  gauze,  is 
connected  with  a  condenser,  and  heat  applied,  rather  gently  at  first,  using 
a  gauze  lop  to  distribute  the  llame,  and  so  regulated  as  to  distill  over  30  cc. 
in  alx>ut  ten  minutes.  The  30  cc.  driven  owy  are  replaced  by  a  like 
quantity  of  the  dilute  acid,  and  the  process  continued  so  long  as  the  distillate 
gives  a  red  color  when  applied  to  a  filter-paper  soaked  in  anilin  acetate. 
To  the  completed  distillate  is  gradually  added  a  (luantity  of  phloroglucin 
(free  from  diresorcin)  dissolved  in  I29f   hydrochloric  acid,  and  the  re- 

*  Furfurol  or  furfuraldchydc  (C^.H^Oj)  is  the  aldehyde  of  pyromucic  acid.  It  is  a  color- 
less liquid,  having  an  (nior  suggestive  of  cassia.  Its  boiling-jx^int  is  162°  and  its  s|)ecific 
gravity  f.164.  It  is  sparingly  soluble  in  water  and  readily  soluble  in  alcohol.  Nearly 
half  the  tissue  of  ordinary  bran,  exclusive  of  proteids  and  starch,  yields  furfurol  on  distilla- 
tion with  acid. 

■f  U.S.  Dept.  of  Agnc,  Div.  of  Chcm.,  Bui.  46,  p.  25. 
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suiting  mixture  is  thoroughly  stirred.  The  amount  of  phlorogludn  used 
should  be  about  double  that  of  the  furfurot  expected.  The  solution 
first  turns  yellow,  then  green;  and  very  soon  an  amorphous  greenish 
precipitate  appears,  which  grows  rapidly  darker,  till  it  finally  becomes 
almost  black.  The  solution  is  made  up  to  500  cc.  with  1 2%  hydrochloric 
acid  and  allowed  to  stand  over  night. 

The  amorphous,  black  precipitate,  a  condensation  product  the  exact 
composition  of  which  is  unknown,  is  filtered  into  a  tared  gooch  through 
an  asbestos  felt,  washed  with  100  cc.  of  water,  dried  to  constant  weight 
by  heating  from  three  to  four  hours  at  100",  cooled  and  weighed,  the 
increase  in  weight  being  reckoned  as  phloroglucide.  To  calculate  the 
furfurol  from  the  phloroglucide,  use  the  following  formula: : 

Phloroglucide  {less  than  and  up  to  0.2  gram)-M.8a  =  furfiux)L 
Phloroglucide  (from  0.2  to 0.3  gram)  -^  1.895  =  furfuroL 
Phloroglucide  {from  0.3  to  0.4  gram)  -^  1.92  =  furfuroL 
Phloroglucide  (above  0.4  gram)  -^  1.93  =  furfurol. 

To  calculate  the  furfurol  to  pentosan  or  pentose  use  the  following 
fonnulic: 

I,  (furfurol  o.oio4)Xi.68  =  xylan. 

II.  (furfurol  0.0104)  X  2.07  =  araban. 

III.  {furfurol  0.0104)  X  1.88  =  pentosan. 

IV.  (furfurol  o.oio4)Xi.9i=xylosc. 

V.  (furfurol  o.oio4)X2.35  =  arabinose. 

VI.  (furfurol  o,oio4)X2.i3  =  pentosc. 


The  reactions  that  take  place  are  thought  to  be  somewhat  as  follows: 
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and  add  a  few  drops  of  concentrated  sulphuric  acid.    If  more  than  a 
faint  violet  color  is  produced,  the  phloroglucin  is  unfit  for  use. 


SEPAKATION  AND  DETERMINATION  OF  THE  VARIOUS   CARBOHYDRATES 

OF   CEREALS,   ETC.      STONE'S  METHOD. 

Stone  has  thus  tabulated  the  residts.of  a  series  of  analyses  of  various 
samples  of  wheat,  flour,  com,  and  bread,  in  which  he  has  separated  the 
principal  carbohydrates.*     Later  methods  irive  iii^ner  starch  figures. 

PERCENTAGES  OF  VARIOUS  CARBOHYDRATES  IN  CERTAIN  FOODSTUFFS. 


Whole  wheat,  I. . . 
Whole  wheat,  II.. 
Wheat  flour,  I. ... 
Wheat  flour,  II... 

Com 

Sugar-l)eet 

Bread  (wheat,  I).  . 
Bread  (wheat,  II). 
Bread  (flour,  I)... 
Bread  (flour,  II). . 
Com  cake  (maize) 


Sucrose. 

Invert 

Dextrin. 

Sfjlublc 

Normal 

Sugar 

Starcii. 

Starch. 

0.52 

0.08 

0.27 

0.00 

30-94 

0.72 

0.00 

0.41 

0.00 

2>o-i(y 

0.18 

0.00 

0.90 

0.00 

46.19 

0.20 

0.00 

1.06 

0.00 

34.04 

9.27 

0.00 

0.32 

0.00 

42.50 

8.38 

0.07 

°:§§ 

0.00 

0.00 

0.05 

0.32 

0.68 

1-37 

27-93 

0.06 

o-^7 

0.23 

2.36 

27.08 

O.OI 

O.IO 

0.27 

1.99 

34.70 

0-15 

0.38 

0.91 

1.74 

31-99 

0.16 

.    0.19 

0.00 

2.80 

40-37 

Pento-      Crude 
sans.         Fiber. 


4.54 

4-37 
0.00 

0.00 

5-14 
4-89 
4.16 

4-34 
0.00 

0.00 
3.54 


2.6& 

2.51 
0.25 

0.25 

1-99' 
1. 00 

2.70 

2.02 

0.34 
0.17 

2.22 


Determination  of  Cane  Sugar. — 100  grams  of  the  finely  ground  ma- 
terial are  extracted  by  boiling  under  a  reflux  condenser  with  500  cc.  of 
95%  alcohol  for  three  hours,  the  alcoholic  extract  is  filtered,  evaporated 
nearly  to  dryness,  and  then  taken  up  with  a  small  amount  of  water,  lo 
separate  the  sugar  from  the  oils  and  waxes  dissolved  by  the  alcohol.  This 
aqueous  solution  is  invariably  dextro-rotar}-,  and  seldom  contains  any 
reducing  sugar.  If  the  latter  is  present,  it  is  determined  in  an  aliquot 
part  of  the  aqueous  solution  with  Fehling's  solution,  the  result  being 
calculated  to  dextrose.  The  remainder  of  the  aqueous  sugar  solution,  or 
the  whole  of  it,  if,  as  is  almost  always  the  case,  dextrose  is  absent,  is 
then  inverted  by  healing  with  hydrochloric  acid  in  the  usual  manner 
epage  483)  and  the  sugar  is  estimated  with  Fehling's  solution,  calcu- 
lating the  result  to  sucrose  (page  497). 

Determinatiou  of  Dextrin. — Digest  the  residue  from  the  above  alco- 
holic extraction  from  eighteen  to  twenty-four  hours  with  500  cc.  of  cold 
distilled  water,  shaking  frequently.     On  filtering,  a  clear  solution  is  ob- 


♦  Jour.  Am.  Chem.  See.,  XIX,  1897,  p.  183,  and  U.  S.  Dept  of  Agric,  Off.  of  Exp.  Sta.» 
BuL  54. 
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lained,  which  should  be  tested  with  iodine  for  soluble  starch.  If  the 
latter  is  not  found  (which  is  nearly  always  the  case),  the  solution  Is  con- 
centrated to  a  small  volume,  avoiding  a  temperature  higher  than  80"  to 
90°,  and  this  is  boiled  under  a  reflux  condenser  for  two  hours  with  one- 
tenth  its  volume  of  hydrochloric  acid  (specific  gravity  1.125).  Deter- 
mine the  dextrose  by  Fehling's  solution  and  calculate  to  dextrin  by  the 
factor  0.9.  Or,  instead  of  submitting  the  concentrated  aqueous  extract  to 
hydrolysis  as  above,  the  dextrin  may  be  rou^Jy  determined  gravimetrically 
therein  by  treating  with  several  volume's  of  strong  alcohol  until  no  further 
precipitation  is  produced.  The  flocculent  precipitate  thus  obtained  is 
collected,  dried,  and  weighed. 

Determination  of  Starch. — Dry  in  an  oven  the  residue  from  the  pre- 
ceding treatment  and  determine  its  quantitative  relation  to  the  original 
sample ;  2  grams  are  then  accurately  weighed  and  subjected  to  the  dias- 
tase method  of  starch  determination  (page  223). 

Detennination  of  Pentosans  and  Hemicelluloses. — ^Thc  washed  resi- 
due, left  after  filtering  off  the  starch-containing  solution  from  the  process 
of  heating  with  mah  extract  in  the  preceding  starch  determination,  is 
boiled  for  an  hour  with  100  cc.  of  1%  hydrochloric  acid,  which  converts 
all  the  pentosans  into  sugar.  Filter,  and  wash  the  residue  thoroughly, 
make  up  the  solution  to  200  cc,  and  determine  the  sugar  with  Fehling's 
solution,  calculating  the  results  for  xylan,  assuming  that  the  chief  sugar 
formed  is  xylose.  The  reducing  power  of  xylose  is  assumed  to  be  4.61 
miUigrams  for  each  cubic  centimeter  of  Fehling's  solution.  If  the  volu- 
metric Fehhng  method  is  used,  10  cc.  of  Fehling's  solution  are  thus 
equivalent  to  0.046  gram  xylose.     Xj  lose  X  0.88  =  xylan. 

Crude   Fiber  {Cellulose). — The    residue    from    the    last    dilute    acid 
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for  separation  of  the  v^etable  proteids.  For  fuller  details  the  reader 
is  referred  to  the  work  of  Osborne  ei  al.  in  the  American  Chemical  Journal, 
Vols.  13, 14,  and  15,  and  to  the  Journal  of  the  American  Chemical  Society, 
Vols.  17,  18,  19,  and  20. 

Proteids  Soluble  in  Water  and  Dilute  Salt  Solution. — By  the  action 
of  various  solvents  it  is  possible  to  separate  the  different  classes  of  pro- 
teids for  examination  or  analysis.  Thus  water  at  first  applied  extracts 
certain  of  the  soluble  proteids,  as  does  a  weak  salt  solution.  Osborne 
and  Voorhecs  recommend  the  use  of  a  10%  solution  of  sodium  chloride 
as  the  first  solvent  to  apply  for  separating  vegetable  proteids,  shaking 
the  finely  ground  material  with  twice  its  weight  of  the  salt  solution.  The 
salt  solution,  after  filtering,  is  then  subjected  to  dialysis,  the  protcid  matter 
thus  separated  out  being  a  globulin,  while  that  not  precipitated  on  dialysis 
is  assumed  as  the  protcid  matter  of  the  substance  soluble  in  water.  Two 
albumins  and  a  proteose  are  found  in  wheat  to  be  thus  soluble  in  water. 

If  the  proteids  soluble  in  salt  solution  are  to  have  their  total  nitrogen 
determined,  they  are  completely  precipitated  from  the  solution  by  satu- 
rating with  zinc  or  ammonium  sulphate. 

There  are  thus  two  classes  of  proteids  soluble  in  10%  salt  solution: 
(a)  globulins,  insoluble  in  water  alone,  and  (6)  albumins  and  proteoses, 
which  are  soluble  in  water. 

Separation  of  Albtunins,  Proteoses,  and  Globulins. — Starting  with  the 
aqueous  solution  containing  the  albumins  and  proteoses,  if  present,  the 
former  are  best  separated  according  to  Osborne  and  Vorhees  by  fractional 
coagulation,  effected  by  heating  at  different  temperatures,  those  that 
precipitate  out  at  a  temperature  under  65°  being  first  filtered  out,  and 
the  filtrate  submitted  to  a  higher  temperature  not  exceeding  85°.  The 
two  portions  thus  separated  may  be  collected  in  filters,  and  their  nitrogen 
separately  determined. 

The  proteose  may  be  precipitated  from  the  filtrate  by  saturating  with 
ground  salt,  or  by  adding,  first  salt  to  the  extent  of  20%,  and  finally  acetic 
acid. 

The  globulins,  precipitated  in  the  original  10%  salt  solution  by  the 
process  of  dialysis  as  described,  may  themselves  be  separated  by  employing 
salt  solution  of  varying  strength  as  solvents.* 

Proteids  Soluble  in  Dilute  Alcohol,  but  Insoluble  in  Water. — The 
residue  from  the  treatment  with  10%  sodium  chloride  is  digested  with  75% 
alcohol  at  about  46°  C.  for  some  time  and  filtered.    The  residue  is  further 

*  Am.  Chem.  Jour.,  13,  p.  464. 
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digested  at  about  60°  with  75%  alcohol  three  separate  times.  The  evapo- 
rated filtrates  contain  the  alcohol-soluble  proteids.  In  this  class  are  the 
hordein  of  barley,  the  gliadin  of  wheat  and  rye,  and  the  zein  of  com. 

Proteids  Insoluble  in  Water,  Salt  Solution,  and  Dilute  Alcohol. — It  is 
customary  to  determine  the  nitrogen  in  the  final  residue  without  further 
attempt  to  separate  the  remaining  proteid  matter.  It  is,  however,  possi- 
ble to  further  extract  with  alkaline  and  acid  solvents,  if  desired,  which 
process,  however,  changes  the  nature  of  the  proteids  from  that  in 
"which  they  originally  exist  in  the  substance. 

Character  and  Amount  of  Proteids  in  Wheat.* — ^The  proteids  of 
wheat,  according  to  Osborne,  are  five  in  number  as  follows: 


TpwCeot-      ' 

_,.,..  (  Albumin  (Icucosin). o.i  to  0,4 

Soluble  IT.  water.  j  Proteose.. 0.3 

Soluble  ii  lopercentNaCl:    Globulin  (edestin) 0.6100.7 

Soluble  in  dilute  alcohol:  Gliadin 4.15 

Inaoluble  in  above:  Glutenin 4.00  to  4.5 

Gluten. — ^This  term  b  applied  to  the  entire  proteid  content  of  wheat 
flour  insoluble  in  water,  and  the  value  of  flour  for  baking  bread  depends 
on  the  amount  of  gluten  present.  Gluten  contains  the  two  definite  pro- 
teids gliadin  and  glulenin.  Crude  gluten  is  a  complex  mixture  of  many 
bodies,  containii^,  besides  the  two  proteids  above  named,  small  quan- 
tities of  cellulose,  mineral  matter,  lecithin,  and  starch. 

Wiley  t  recommends  the  following  method  for  separating  crude  gluten 
■ifrom  flour.  Ten  grams  of  the  fine-ground  flour  are  placed  in  a  porcelain 
dish,  well  wet  with  nearly  an  equal  weight  of  water  at  a  temperature  not 
to  exceed  15°,  and  the  mass  worked  into  a  ball  with  a  spatula,  taking 
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Separation  and  Determination  of  Wheat  Proteids. — Teller's  Method."^ — 
Nan-gluten  Nitrogen. — ^Two  grams  of  the  finely  divided  sample  are  mixed 
with  about  15  cc.  of  1%  salt  solution  in  a  250-cc.  flask.  The  flask  is  shaken 
at  intervals  of  ten  minutes  during  one  hour,  after  which  it  is  filled  to  the 
mark  with  the  salt  solution  and  allowed  to  stand  two  hours.  The  super- 
natant liquid  is  then  filtered  through  a  dry  filter  into  a  dry  flask,  leaving 
most  of  the  solid  material  in  the  flask,  passing  the  first  part  through  twice, 
if  necessary,  for  a  clear  filtrate.  With  a  pipette,  exactly  50  cc.  of  clear 
filtrate  are  run  into  a  500-cc.  Kjeldahl  digestion-flask,  20  cc.  of  the  usual 
reagent  sulphuric  acid  for  the  Gunning  process  (p.  61)  are  added,  and 
the  contents  of  the  flask  brought  to  a  gentle  boil.  After  the  water  has 
been  driven  off  and  the  acid  has  stopped  foaming,  the  potassium  sul- 
phate is  added  and  the  digestion  completed.  From  the  per  cent  of 
nitrogen  thus  obtained  0.27%  is  deducted,  this  figure  corresponding  to 
the  amount  of  gliadin  soluble  in  1%  salt  solution  under  the  above  con- 
ditions.   The  remainder  is  the  percentage  of  non-gluten  nitrogen. 

Gluten  Nitrogen. — ^This  is  obtained  by  difference  between  the  total 
nitrogen  and  the  non-gluten  nitrogen  as  above  obtained,  or  by  deducting 
the  combined  nitrogen  of  the  edestin,  leucosin,  and  the  amido-nitrogen 
from  the  total  nitrogen. 

Edestin  and  Leucodn. — Edestin  is  a  globulin  belonging  to  the  vegetable 
vitellins,  and  is  precipitated  from  salt  solutions  by  dilution,  or  by  satu- 
ration with  magnesium  or  ammonium  sulphate,  but  not  by  saturating 
with  sodium  chloride.  It  is  not  coagulated  below  100°  C,  but  is  partly 
precipitated  by  boiling.  Leucosin  is  an  albumin,  coagulating  at  52°,. 
but  precipitates  from  sah  solution  by  saturating  with  sodium  chloride 
or  magnesium  sulphate. 

To  50  cc.  of  the  clear  salt  extract,  obtained  as  described  under  non- 
gluten  nitrogen,  250  cc.  of  pure  94%  alcohol  are  added  in  a  Kjeldahl  500-cc. 
digestion-flask,  the  contents  thoroughly  mixed,  and  allowed  to  stand 
over  night.  The  precipitate  is  collected  in  a  lo-cm.  filter,  which  is 
returned  to  the  flask  and  the  nitrogen  determined.  This  represents 
the  nitrogen  of  the  combined  edestin  and  leucosin.  These  proteids 
may,  however,  be  separated  by  coagulating  the  leucosin  at  60°,  and  pre- 
cipitating the  edestin  by  adding  alcohol  to  50  cc.  of  the  clear  filtrate, 
determining  the  nitrogen  separately  in  each  precipitate. 

Amido-nitrogen. — AUantoin,  asparagin,  cholin,  and  betaine  are  nitrog* 
cnous  bases  present  in  wheat. 

*  Ark.  Exp.  Sia.  Bui.  42,  p.  96. 
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Ten  cc.  of  a  io%  solution  of  pure  phosphotungstic  acid  are  added 
to  loo  cc.  of  the  clear  salt  extract  as  above  obtained,  thus  precipitating 
alt  the  proteids,  which  are  allowed  to  settle  preferably  over  night.  Fil- 
ter, and  determine  the  nitrogen  in  the  clear  filtrate.  The  filtrate 
should  be  tested  with  a  little  of  the  phosphotungstic  acid  reagent  to 
make  sure  that  all  the  proteids  have  been  separated.  In  some 
cases,  as  in  bran   for  instance,  more   than  lo  cc.  of   the  reagent  are 


Gliadin  is  dissolved  most  readily  from  flour  by  hot  dilute  alcohol, 
but  is  entirely  insoluble  in  absolute  alcohol.  One  gram  of  the  mate- 
rial is  extracted  with  roo  cc.  of  hot  75%  alcohol,  by  shaking  the  mixture 
thoroughly  in  a  flask,  and  heating  for  an  hour  at  a  temperature  just  below 
the  boihng-point  of  alcohol,  with  occasional  shaking.  After  standing 
for  an  hour,  the  hot  liquid  is  decanted  upon  a  lo-cm.  lilter,  and  25  cc. 
of  the  hot  alcohol  are  added  to  the  residue  and  shaken,  after  which  the 
residue  is  again  allowed  to  settle,  and  the  liquid  decanted.  This  is 
repeated  six  times.  The  remainder  of  the  alcohol  is  then  driven  off 
by  evaporation,  and  the  nitrogen  determined  in  the  residue.  The 
difference  between  the  total  nitrogen  and  the  nitrogen  thus  obtained, 
gives  the  nitrogen  of  the  alcoholic  extract,  which  includes  the  amides. 
Subtracting  the  latter,  or  amido-nitrogen,  the  remainder  is  the  gliadin 
nitrogen. 

Clulenin  Nitrogen. — ^This  is  the  difference  between  the  gluten  nitro- 
gen and  the  gliadin  nitrogen. 

The  factor  by  which  the  nitrogen  should  be  multiplied  in  determin- 
ing the  various  proteids,  according  to  Osborne  and  Voorhees,  is  5.7  for 
wheat. 
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Proteids  of  barley :  *  Per  Cent. 

Soluble  in  water:  I  ^^^  ( 0.3 

Soluble  in  salt  solution,  edestin i  .95 

Soluble  in  dilute  alcohol,  hordein 4-oo 

Insoluble  in  water,  salt  solution,  and  alcohol 4-5<^ 

Proteids  of  com:  t 

Soluble  in  water:  Proteose 0.06 

i  Very  soluble  globulin 0.04 

Soluble  in  salt  solution:  \  Maysin o. 25 

(  Edestin i .  10 

Soluble  in  dilute  alcohol:  Zein 5 .00 

Insoluble  in  above,  but  soluble  in  two-tenths  per  cent  potash  solution 3.15 

Proteids  of  i>ea:  % 

Soluble  in  salt  solution:  Globulins  \  y:^,.     ,*qq 

Soluble  in  water:  Albumin,  legumelin,  proteose 2.03 


Proteids  0}  Potato.^ — Almost  the  whole  proteid  content  of  the  potato 
consists  of  a  globulin  to  which  Osborne  has  applied  the  name  "tuberin." 
Proteose  is  also  present  in  very  small  amount. 

Composition  of  the  Ash  of  Cereals  and  Vegetables. — A  complete 
analysis  showing  the  definite  composition  of  the  ash  of  cereals  and 
vegetable  products  is  not  often  necessary.  When,  however,  this  is  to 
be  done,  it  is  of  importance  to  obtain  as  large  an  amount  of  the  ash  as 
possible  for  examination,  and  to  this  end  the  dried,  finely  divided  mate- 
rial is  burnt  in  a  muffle  at  a  low  red  heat  in  platinum  dishes  ||  of  at  least 
50  grams  capacity,  adding  from  time  to  time  25  grams  of  the  material, 
whenever  the  bulk  of  the  burnt  residue  is  sufficiently  reduced  to  admit 
of  it.  This  is  continued  until  enough  ash  is  obtained  for  the  work  in 
hand,  and  the  heat  is  applied  till  the  product  is  light  gray  in  color. 

The  detection  and  estimation  of  the  various  common  ash  ingredients 
are  carried  out  by  the  qualitative  and  (luantitative  processes  commonly 
employed  in  mineral  analysis,  and  will  not  be  given  here. 

The  following  table  1;  shows  the  composition  of  the  i)ure  ash  of  com- 
mon cereals: 


♦  Jour.  Am.  Chem.  Soc.,  17,  p.  539. 

7  Ibid.,  19,  p.  525. 

J  Ibid.,  18,  p.  583;  20,  pp.  348  and  410. 

§  Ibid.,  18,  p.  575. 

;;  (;)n  account  of  the  high  content  of  phosphoric  acid  in  cereals  it  is  unsafe  to  ignite  in 
platinum  over  a  free  flame.  It  may  safely  be  done  with  caution  at  a  moderate  heat  in  a 
muffle.     See  p.  56. 

K  U.  S.  Dept.  of  Agric,  Bur.  of  Chem.,  Bui.  13,  part  9,  p.  1212. 
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COMPOSITION  OF  ASH  OF  CEREALS. 


Wheat  (Canada) 

Rye  (MinnesoU) 

Barlev  (U.  S.) 

Oals'fU.  S.) 

ComfL'.S.) 

Kite,  polished  (Guatemala). 
Buckwheat  CU.  S.) 


0.   1  NaiO.     OO. 

MgO. 

F^^ 

w: 

- 

-. 

a. 

SiO 

4687 

0.00 

, 

6o|      4 

04  ■; 

s<'  "-t; 

S-33 

^t 

IS       6 

4-1 

8.^3:   0.33 

^', 

4; 

2S 

■i( 

Ql          4 

,1«|4 

^4 

4t 

43 

.92       7 

i7.9g,  0.5° 
9.60  0.89 

IS 

2S      0 

oc 

.84     13 

Ai 

Kf 

fi 

■IS      » 

62 

20.55 

1.68 

°9 

3 

59 

* 

(.7 

S- 

Teller  *  obtained  the  following  results  of  ash  analyses  of  flour,  bran, 
and  wheat: 


ASH  OF  WHEAT  PRODUCTS. 


Silica 

Alumina 

Ferric  oxide 

soda..'.!!!!^!!!! 

Magnesia  . 

Phosphoric  add.  . 
Sulphur  trioxide.  . 

Chlorine 

Zinc  oxide 


Sum.  . 


1-33 

■47 
38-50 

5-S9 

4.39 

48.05 

.16 


5.65 
6.44 

49.31 


K5nig  gives  the  following  analyses  of  the  ash  of  various  leguminous 
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FLOUR. 

Flour  is  the  term  applied  to  the  finely  ground  and  bolted  substance 
of  wheat  and  other  grains,  though,  unless  otherwise  qualified,  by  the 
term  ** flour"  is  generally  understood  that  of  wheat.  In  the  process 
of  manufacture,  the  dried  wheat  or  grain  is  first  crushed  between  mill- 
stones, forming  the  comparatively  coarse  product  known  as  whole  meal. 
This,  by  bolting,  may  be  separated  simply  into  flour  and  bran,  but  in  the 
crude  milling  of  years  ago  at  least  three  products  were  usually  obtained 
from  wheat,  viz.,  fine  flour,  coarser  shorts,  or  middlings,  and  bran. 

In  the  improved  modem  processes  of  milling,  which  meet  the  de- 
mands for  the  very  finest  flour,  as  well  as  other  grades,  the  material  is 
subjected  to  repeated  sifting  and  grinding  between  grooved  rollers,  with 
the  result  that  it  is  possible  to  turn  out  as  many  as  ten  separate  grades 
of  flour,  as  is  shown  by  the  following  record  of  a  mill  near  Trieste: 


Groats,*  A  and  B 2 

Flour,      No.  o 5 


per  cent 


it 
«( 
f< 
11 

K 
(I 
« 
it 


(< 
tt 

« 
« 

« 
« 
« 


I. 

2. 
3. 

5- 
6, 

7. 
8. 


Bran 
Loss. 


12 
6 
6 

5 

5 

14 

9 

5 
10 

18 
3 


u 
tt 
<c 
cc 
cc 

(C 

« 
cc 
cc 

(C 

« 


*  41  per  cent  extra  floiir 


38  per  cent  medium  and  common 


f  21  per  cent  waste 


100  percent 


Analyses  of  these  separated  products  made  by  C.  A.  Pillsbury  are 
as  follows: 


Groats*. 
No.    c. 

I.. 

2.. 

3-- 
4.- 

5-- 
6.. 

7.. 
8.. 


n 
n 
«< 
« 

M 


9,  coarse  bran. 
10,  fine  bran . . . 


Water. 


10.57 

10-37 
10.23 

10.47 

10.07 

^-24 

9.66 

XX.  12 

10. 09 
9.86 
9.71 

II. 01 


Ash. 


0.42 

0.43 
0.41 

1.03 

1.02 

1. 19 

0.69 

1.04 

0.81 

1. 01 

7.32 
4.21 


Phosphriric 
Acid. 


0.20 
0.14 
0.21 
0.22 
0.17 
0.25 

0-35 
0.24 

0.21 

0.36 

2.14 

0.70 


Nitroffcn. 


2.24 
1.68 
1.68 
1.72 
1.72 

1-74 
1.80 
1.84 
1.80 
1.90 
1.98 
2.20 


Proteids 
Calculated. 


4.65 
0.76 
0.76 
1.02 
1.02 

1-54 
1.79 

1-54 
2.18 
2.69 
4.16 


♦  Masses  of  the  interior  of  the  berry. 
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In  this  country  the  common  practice  of  most  mills  is  to  produce  about 
three  grades  of  flour,  somewhat  as  follows: 


Patent  or  middlings  flour,  55  1 
Bakers'  or  family  "     15 

Low-grade  or  bran       ' '      6 
Bran,  shorts,  and  waste 
(used    principally   for 
cattle  food),  34 


Graham  Flour ,  or  whole- wheat  flour,  is  made  from  the  unbolted  meal 
of  wheat,  ground  as  finely  as  possible.  It  is  actually  a  mixture  of  flour 
and  bran. 

Compositioii  of  Common  Flours. — The  following  analyses  are  col- 
lated and  summarized  from  Bulletin  13,  part  9  of  the  Bureau  of  Cheni- 
istry: 


Patent  wheat  flour 

Common  market  wheat  flour. 
Bakers'  and  family  Aour.  .... 

Indian-corn  flour. 

Rye  flour 

Bark:y  flour 

Buckwheat  flour 
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branding  them  officially  with  the  date  as  well  as  the  grade.  Marked 
quotations  silso  are  based  on  the  standard  terms  adopted.  The  names 
of  the  various  grades  differ  with  the  locality.  In  St.  Louis  the  following 
names  are  adopted  in  order  of  their  quality,  viz.,  Patent,  Extra  Fancy, 
Fancy,  Choice,  and  Family. 

Such  systems  of  inspection  are  under  the  auspices  of  local  dealers, 
being  organized  and  maintained  for  their  own  protection,  and  have  not 
as  yet  been  the  subject  of  state  or  even  municipal  supervision,  as  in  the 
case  of  meat  inspection.  The  grade  or  quality  of  flour  is  determined 
argely  by  its  appearance  and  color,  by  its  fineness  as  indicated  by  rub- 
bing between  the  fingers,  by  its  odor,  and  by  the  so-called  ''doughing 
test,'*  which  consists  in  kneading  the  flour  with  water  under  fixed  con- 
ditions, and  noting  its  tenacity  and  elasticity. 

Adulteration  of  Flour. — Besides  the  substitution  of  cheaper  or  in- 
ferior grades  for  those  of  higher  quality,  the  fraudulent  admixture  of 
cereals  other  than  wheat  is  not  uncommon  in  flour.  Com  meal  is  some- 
times found  as  an  adulterant  of  wheat  flour.  Its  presence  is  best  detected 
by  the  microscope,  the  difference  between  the  wheat  and  com  starch 
being  readily  apparent. 

Finely  ground  mineral  adulterants  are  said  to  have  been  used  in  flours, 
but  no  authentic  instance  of  this  kind  has  come  to  the  writer's  knowledge. 
Anv  considerable  admixture  of  such  a  nature  would  be  manifest  in  the 
increased  ash. 

Alum  in  Flour. — The  addition  of  alum  to  flour  was  formerly  a  common 
practice  in  Europe,  both  by  miller  and  baker,  for  the  purpose  of  improv- 
ing ihc  appearance  of  inferior  or  slightly  damaged  flour.  Hence  it  was 
frequently  found  in  the  cheaper  grades  of  flour  and  bread.  Now,  how- 
ever, it  is  rarely  if  ever  used  for  this  purpose,  and  the  presence  of  notable 
quantities  of  alum  or  its  compounds  in  flour  or  bread  is  usually  due  to 
its  use  as  an  ingredient  of  leavening  powders. 

Detection. — To  detect  alum  in  flour,  mix  about  10  grams  of  the  sample 
in  10  cc.  of  water  and  add  about  1  cc.  of  an  alcoholic  tincture  of  logwood 
(5  grams  logwood  digested  in  ico  cc.  alcohol)  and  about  i  cc.  of  a  sat- 
urated solution  of  ammonium  carbonate.  Stir  the  whole  well  together. 
If  the  sample  is  pure,  the  color  will  be  a  faint  brown  or  pink,  but  if  alum 
is  present,  a  distinct  lavender-blue  color  is  produced,  which  should  remain 
after  heating  for  two  hours  in  the  water-oven. 

Alum  may  also  be  tested  by  the  anunonium  chloride  method,  described 
en  page  263. 
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The  Cold-water  Extract  of  Flour. — The  amount  of  cold-water  extraci 
shows  to  some  extent  whether  or  not  a  flour  has  been  damaged,  because 
in  cases  of  damaged  flour  the  starch  grains  have  usually  suffered  injury', 
rendering  them  to  some  extent  soluble.  Wanklyn  specified  the  following 
method  of  determining  the  cold-water  extract. 

One  hundred  grams  of  the  flour  arc  thoroughly  mixed  with  distilled 
water  in  a  graduated  liter-flask,  which  is  finally  filled  with  water  to  the 
mark;  the  contents  are  thoroughly  mingled  by  frequent  shaking  during 
six  or  eight  houi^,  and  allowed  to  stand  over  night.  The  supernatant 
liquid  is  then  poured  upon  a  filter.  After  rejecting  the  first  few  cubic 
centimeters  of  the  filtrate,  exactly  50  cc.  are  collected  and  evaporated  to 
dryness  in  a  tared  platinum  dish  on  the  water-bath.  The  weight  of 
the  dried  residue,  multiplied  by  20,  gives  the'quantity  of  cold-water  extract, 
which  in  a  sound  flour,  according  to  Wanklyn,  should  not  exceed  5%. 

Gluten  Flour. — ^This  preparation  is  primarily  intended  for  the  use 
of  diabetics,  from  whose  dietary  carbohydrates  must  be  excluded ;  hence 
its  value  for  their  purpose  is  determined  by  its  low  content  in  starch. 

The  following  analyses  of  commercial  gluten  preparations  were  made 
by  Woods  and  Merrill.* 


CKbohy 


"Cookcd  gluten" , 

Whole-wheat  gluten  . . . 

"Glutine" 

Breakfast  cereal  gluten. 

Plain  gluien  flour 

Self-raising  flour 


»7 

89 

5 

S.I 

3i 

SO 

' 
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Moisture lo.  78 

Ash 2.20 

Fat 3.25 

Proteids 14 .  25 

Sugars 1 .  70 

Dextrin 2 .55 

Starch 56-55 

Undetermined 8.72 

100.00 

Ergot. — Ergot  is  a  fungus  growth  that  occasionally  develops  within 
the  grain  of  rye  and  other  cereals,  and,  unless  care  is  taken,  becomes 
ground  with  them  in  the  preparation  of  meal  and  flour.  Ergot  contains 
alkaloids  of  a  poisonous  nature,  and  instances  are  on  record  of  its  acci- 
dental presence  in  cereal  preparations  causing  serious  injurj^  to  health. 
WTiile  most  commonly  four.d  in  rye,  ergot  occasionally  grows  in  wheat. 
If  flour  or  meal  containing  ergot  be  treated  with  a  very  dilute  solution 
of  anilin  violet,  the  stain  \nll  be  practically  absorbed  by  the  damaged 
particles  of  the  grain,  and  resisted  by  the  normal  granules.  If  shaken 
with  dilute  alkali,  a  meal  or  flour  contaminated  with  ergot  is  colored 
violet,  which  by  treatment  with  acid  lums  red.  A  hot,  alcoholic  extract  of 
flour  containing  ergot  is  colored  red  when  treated  with  dilute  sulphuric 
acid. 

Ergot  in  ground  cereal  preparations  is  best  recognized  under  the 
microscope,  appearing  as  a  fine  network  of  mostly  colorless  parenchyma 
cells,  containing  globules  of  fat  (Fig.  56).  Some  of  the  cells  are  circular, 
others  considerably  elongated,  and  some  contain  a  deep-brown  coloring 
matter,  which,  when  treated  with  ammonia,  takes  a  violet-red  color. 
Occasionally  the  cell  walls  appear  of  a  dark  color.  If  the  suspected 
sample  be  treated  with  dilute  anilin  violet,  as  above  described,  the 
stained  ergot  fragments  will  be  especially  apj)arent  under  the  micro- 
scope. 

Microscopical  Examination  of  Flour  and  Meal. — A  study  of  the 
histology  of  the  various  cereal  grains  is  beyond  the  scope  of  the  present 
work,  and  the  reader  who  wishes  to  pursue  this  branch  of  the  subject 
is  referred  to  the  treatises  of  \'ogl  and  Tsirsch  and  Osterle.  The  charac- 
teristics of  the  tissues  of  the  various  ground  cereal  grains  are  (juite  dis- 
tinctive when  carefully  studied,  sufficiently  so,  at  least,  ♦()  serve  to  identify 
a  particular  grain,  when  its  flour  is  submitted  in  its  purity  to  examination 


340 


fOOD  INSPECTION  AND  ANALYSIS. 


In  a  mixture  of  two  or  more  flours,  however  the  corresponding  tissues 
of  the  different  grains  resemble  each  other  so  closely  that  it  is  by  no  means 
an  easy  task  to  distinguish  them  by  the  appearance  of  these  tissues.  In 
such  a  mixture  the  microscopical  appearance  of  the  starch  furnishes 
the  chief  reliance  on  which  to  base  a  judgment  a3  to  the  character  of 
the  grains.  We  have  aheady  seen  that  the  various  cereal  starches  differ 
considerably  in  morphology  and  mode  of  groupmg  from  each  other, 
and  this  is  true  to  such  an  extent  that  the  expert  can  readily  identify  them. 
Since  starch  furnishes  much  more  than  half  the  content  of  all  ground 


■^•-^ 


«r  i^s 


^  ^  ^^a^'» 


—■4,  Transverse  Section  of  the  Erjpt  of  Wheat  under  Ihe  Miciweope;  B  Powdered 
Wheat  Er)(ut.     (After  Villiers  and  Collin.^ 
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Wheat  Flour  or  Meal.— Fig.  57  shows  the  elements  typical  of  wheat 
meal. 

e  are  the  long  six-sided  cells  of  the  epicarp,  with  bead-like  walls; 
next  to  these  are  the  elongated  cells,  ct,  with  similar  bead-like  walls, 
these  cells  usually  running  transversely  to  those  of  the  epicarp;  p  are 
the  single-celled  hairs  attached  normally  to  a  portion  of  the  epicarp. 


pig.  57.— Wheat  Flour  under  the  Microscope,  e,  epicarp;  p,  haiis;  ct,  tff,  tiBiuverse 
cells;  (,  lubular  cells;  b,  brown  seed  coat;  pi,  masses  of  pigment;  «,  sheath 
BTOund  the  cmbn'o;  fs,  outer  envelope  of  the  sheath;  Co,  cotyleilon;  //i',  fibro- 
vascukr  ducu;  k,  ihiikcned  cells;  a,  starch;  o/,  aleurone;  u^,  proteid  lajtr.  C-Uter 
Villicrs  and  Collin.) 

These  hairs  are  somewhat  distinctive,  being  conical  or  slightly  tapering, 
often  bent  and  cnlar{;ing  into  a  bulb  at  the  base.  The  thickness  of  ihc 
wall  of  the  wheat  hair  is  usually  equal  to  the  thickness  of  the  lumen: 
jc  are  hardened  or  lifjnificd  cells  of  ihe  mcsocarp,  often  with  inter- 
cellular space;.  The  tubular  cells,  /,  of  the  endocarp  are  rarely 
isolated,  but  more  i)fli.'n  attached  to  the  transverse  cells  and  running 
perpendicular  ihcrdo.  b  is  the  seed  coat,  of  a  yellowish  or  orange- 
brown  color,  ha\inj;  two  layers,  composed  of  vcrj'  thin-walled  cells, 
crossing  each  other  at  right  angles.  Fragments  of  the  hyaline  layer 
h  are  often  found  untied  with  blts'^of  the  seed  skin.  A  piece  of 
the    sheath    or    layer    immaiialcly  surrounding    the    cmbrj'o  or  germ 
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is  shown  at  ec,  es  being  a  palisade-lIke  layer  lying  outside  the  sheath. 
The  aleurone  cells,  sometimes  incorrectly  termed  gluten  ceUs,  are  repre- 
sented at  ap.  These  are  polygonal,  sometimes  nearly  square  in  plan 
view,  and  normally  contain  the  aleurone  grains  al,  but  often  are  broken 
down,  and,  when  seen  in  the  flour,  empty.  The  rounded,  angular  aleu- 
rone grains  appear  sometimes  isolated  and  sometimes  in  masses.  If 
there  is  danger  of  mistakii^  them  for  small  starch  grains,  cochineal  should 


Fio.  58. — Rye  Meal  under  the  Microscope,     et",  epitarp     m  meiooarp     p  hairs;   ct,  tTBnv 
versc  cells;   (,  tubular  cells;    sc,  hardened  cells  of  the  mesocaTp     bb'  brown  seed-coat 
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in  the  tbsues  of  these  various  ground  grains,  their  close  resemblance  is 
confusing.  The  size  and  characteristic  grouping  of  the  starch  granules 
himisb  by  far  the  most  ready  means  of  distinguishing  them. 

Barley,  even  when  ground  fine,  contains  more  of  the  seed-coat  frag- 
ments and  bits  of  bran  than  does  wheat  or  rye,  and  the  tissue  elements 
are  generally  larger  and  better  defined. 

Wheat  flour,  according  to  Vogl,  is  readily  distinguished  from  the 
flour  of  other  grains  by  rubbing  the  cover-glass  back  and  forth  over  the 


Fig.  59. — Barley  Meal  under  (he  Microscope  bs  exterior  cpldennis  of  the  fruit;  pa^ 
parenchyma  of  the  fniil;  h,  fibrous  hypodermis;  ri,  interior  epidermis  of  Ihc  fnjit; 
tf,  epicaqi;  cl,  transverse  cells;  (,  tubular  cells;  ap,  proteid  l.iyer;  b.  hyaline 
envelope;  al,  aleurime;  fi,  massts  of  pigment;  a,  starch;  jjv,  ilbro- vascular  ducts, 
(After  Villiers  and  Collin.) 

water-mounted  sample  and  observing  the  thread-like  formations  of  gluten 
characteristic  of  the  wheal.  These  are  stained  red  with  cochineal,  are 
not  at  all  apparc-nt  in  the  flour  of  i^'c,  and  hanlly  at  all  in  that  of  other 
grains. 

In  order  to  bring  out  in  a  striking  manner  the  elements  of  the  various 
flours,  Vogl*  recommends  the  following  mode  of  procedure.  About  2 
grams  of  the  meal  are  ]>laced  in  a  dish  and  stained  with  an  alcoholic 
solution  of  naphthylcnc  blue.     .\  pinch  is  removed  to  a  microscope  slide 

*  Die  wichligsien  vegeiabilischen,  Nahrungs  u.  Genusamitteln,  p.  17, 
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and  examined  in  a  drop  of  sassafras  oil,  or  other  analogous  ethereal  oil,  or 
guiacol.  The  elements  of  the  various  layers  and  of  the  bran  fragments 
are   clearly  distinguished  by  their  bright-blue  or  blue-violet  color,  the 


Fio.  60. — Oatmeal  under  the  Microscope,  e,  epicaip;  p,  halis;  6,  tegument  of  tbe 
grain;  af,  proteid  l&yer;  I,  tubular  ceUs;  ts,  envelope  uound  embiyo  she&thi 
CO,  cotyiedons;    pi,  masses  ol  pigment)    a,  starch.     (After  Villiers  and  Collin.) 

aleurone  and  germ  tissues  arc  stained  pale  blue,  while  the  starch  cells 
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understood  to  mean  the  raised  or  leavened  product,  rendered  light  and 
porous  by  the  aid  of  gas,  which  is  generated  cither  before  or  during  baking. 
Commonly  the  gas  employed  is  carbon  dioxide,  generated  either  by  the 
fennentative  action  of  yeast  on  the  sugar  of  the  dough,  yielding  both 
alcohol  and  gas,  or  by  the  agency  of  baking  chemicals  mixed  with  the 
dough,  whereby  an  alkaline  bicarbonate  b  decomposed  by  the  action 
of  an  acid  to  produce  the  gas.     Again,  the  gas  may  consist  wholly  or  in 


Pto.  61. — Com  Meal  under  Ihe  M  oscope 

mi,  inner  portion  <if  mesorarp  p        una    pi 

lar    cells;     Jf,  sculellum    with  urt  und  ng 
both  in  granules  iin'l  masses;  A  n 


part  of  ammonia,  yiddfcl  by  the  vaporization  during  baking  of  ammo- 
nium carbonatt;  mixed  with  the  dough;  and  finally,  the  expansion  dur- 
ing baking  of  llie  air  itself  confined  in  the  dough  may  be  the  leavening 
agent,  as  in  the  case  of  cake  and  pastry. 

Wheat  llour  is  of  chief  value  for  bread  on  account  of  its  high  content 
of  gluten,  in  which  other  cereals  are  lacking.  In  the  preparation  of 
ordinan- white  bread,  ilie  llour  is  mixed  with  water  or  milk,  s:dt,  and  yeast, 
the  materials  arc  mingled  thoroughly  by  kneading  and  allowed  to  remain 
for  some  time  in  a  warm  place,  during  which,  by  the  vinous  fermentation 
induced  by  the  yeasl,  the  mass  "rises"  or  forms  a  light  sponge,  due  to 
the  action  of  the  gas  on  the  glutinous  dough. 

During  the  subsequent  process  of  baking,  which  shoulri  lake  place  at 
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a  temperature  between  230°  and  260°  C,  further  expansion  ensues,  much 
of  the  water  is  driven  off,  and  the  porous  mass  sets  to  form  the  loaf,  the 
outside  of  which  is  converted  into  a  brown  crust,  due  to  the  caramelizing 
of  the  dextrin  and  sugar  into  which  the  starch  of  the  outer  layers  is  con- 
verted. Among  other  changes  that  take  place  in  the  interior  or  "crumb" 
•during  baking  are  (i)  the  partial  breaking  up  of  the  starch  grains,  which, 
however,  largely  retain  their  identity,  though  in  some  degree  distorted  in 
shape;  (2)  somewhat  obscure  changes  in  the  character  of  the  protcids; 
and  (3)  partial  oxidation  of  the  oil  or  fat. 

The  standard  for  judging  the  quality  of  commercial  bread  may  we'l 
be  based  on  that  of  the  best  home-baked  family  loaf.  The  well-made 
loaf  should  possess  an  agreeable  odor,  and  a  sweet,  nutty  flavor,  entirely 
free  from  mustiness.  It  should  be  well  "raised,"  with  a  good  crumbling 
fracture;  it  should  not  be  tough  or  soggy  on  the  one  hand  (due  to  under- 
raising),  nor  extremely  dry  and  spongy  on  the  other  (indicative  of  over- 
raising).  Over-raising,  moreover,  produces  sourness,  due  to  advanced 
lactic  fermentation. 

CompoEitioa  of  Bread. — The  following  analyses  made  in  the  U.  S. 
Bureau  of  Chemistry  of  common  varieties  of  bread  were  summarized 
from  Bulletin  13,  part  9,  averages  of  a  number  of  analyses  being  given  in 
each  case: 


1 

Moist..re. 

Protrid, 

Protcidi, 

1 

Analyses. 

N...  6.J!. 

Nvs,70. 

Extract. 

10 

38.71 

8.87 

E.09 

S..SO 

\v 

03 

7:^ 

9 

34-41 

6.93 

48 

';:S 

Rolls 

n.ii% 
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physical  characteristics  of  the  loaf,  its  color,  taste,  odor,  porosity,  etc. 
In  addition  to  such  data,  determination  of  moisture,  ash,  and  acidity 
will  usually  suffice  to  enable  the  analyst  to  pass  judgment  on  its  whole- 
someness.  The  following  summary  gives  such  analytical  data  on 
upwards  of  fifty  samples  of  bread,  purchased  from  cheaper  bakeries 
and  stores,  and  examined  in  the  author's  laboratory. 


BREAD. 


Kind  of  Bread. 


White 

Maximum 

Minimum 

Mean 

Graham 

Maximum 

Minimum 

Mean 

Whole  wheat 

Diabetic 

Mufl&ns 

Rye 

••Black" 

Gennan  with  seeds 

Brown 

"Knackcrbrod".  . 


No.  of 
Analyses. 


44 


I 
I 
I 

i 
I 
I 
I 
I 


Weight  of 
Loaf  in 
Grams. 


653 
126 

430 

500 

367 
420 

445 
194 

1 291 

417 
500 

no 


Water, 
Per  Cent. 


45.20 

33-00 
40.72 

45.20 
40.10 
41.50 
45.10 
47.00 
48.20 

47-15 
47.00 

42.30 

48.10 

8.00 


Per  Cent 
Ash  in 

Terms  of 
Solids. 


1.83 

0.60 
0.85 

1-55 
0.96 

1.26 

1.20 

2.20 

I-I5 
2.13 

2.20 

0-95 
3-50 
1-94 


Acidity.* 


6.2 

1-3 
2.6 

4.2 
2.1 

3-5 


1.7 
zo.o 


*  Cubic  centimeters  of  tenth-normal  soda  required  to  neutralize  zo  grams  of  the  fresh  bread. 


Water  in  Bread. — The  amount  of  water  is  of  considerable  importance, 
and,  in  the  best  bread,  varies  from  33  to  40  per  cent.  A  larger  content  of 
water  than  40%  should  be  considered  objectionable  in  a  white  bread, 
both  on  the  ground  of  acting  as  a  make  weight,  and  because  a  large  excess 
of  moisture  tends  to  cause  the  growth  of  mold. 

Acidity  of  Bread. — The  degree  of  sourness  of  a  sample  of  bread  is  one 
of  the  most  important  indications  as  to  its  quality,  and  is  most  readily 
obtained  by  rubbing  up  in  water,  by  means  of  a  pestle,  10  grams  of  the 
** crumb,"  and  titrating  with  tenth-normal  alkah,  using  phenolphthalein 
as  an  indicator.  To  neutralize  the  acidity  of  10  grams  of  the  normally 
sweet  loaf,  an  average  of  2  cc.  of  the  standard  alkali  solution  is  required, 
corresponding  to  0.72  gram  of  lactic  acid  per  loaf  of  an  average  weight 
of  400  grams.  The  loaf  exhibiting  the  maximum  sourness  or  acidity 
in  the  above  table  required  10  cc.  of  standard  alkali  per  10  grams  of 
bread,  corresponding  to  11. 61  grams  lactic  add  in  the  loaf  of  1,291  grams. 
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Fat  in  Bread. — It  is  well  known  that  the  results  of  fat  or  ether  extract 
as  obtained  by  the  ordinary  method  and  expressed  in  most  bread  analyses 
are  too  low,  being  considerably  less  than  the  combined  fat  of  the  materials 
entering  into  its  composition.  This  is  probably  due  to  the  fact  that 
during  baking  the  fat  particles  are  incrusted  with  inspluble  matter, 
which  protects  them  from  the  subsequent  action  of  the  ether.  It  is  further 
claimed  by  some  that  the  partial  oxidation  of  the  fat  during  baking 
has  something  to  do  with  the  low  results.  No  perfectly  satisfactory 
improvement  over  the  regular  Soxhlet  method  for  fat  extraction  in  bread 
has  been  discovered,  and  therefore  this  method,  as  described  elsewhere, 
is  recommended. 

Adulteration  of  Bread. — ^The  fraudulent  addition  of  inert  foreign 
ingredients  to  bread  is  almost  never  practiced,  and  is  mainly  of  historic 
interest.  Gypsum,  chalk,  bone  ash,  and  various  other  minerab  have  been 
mentioned  as  possible  adulterants,  but  the  amount  of  any  of  these 
materials  necessary  to  add  for  purposes  of  profit  could  scarcely  be  present 
without  very  apparent  injury  to  the  quality  of  the  bread.  Their  presence 
in  any  considerable  degree  would  be  apparent  in  the  abnormally  high 
ash  content  of  the  bread. 

The  employment  of  alum  to  "improve"  inferior  or  unsound  flour 
has  already  been  referred  to,  and,  for  the  same  purpose,  sulphate  of  copper 
in  small  quantities  is  also  said  to  have  been  used,  enabling  the  making 
of  bread  of  fairly  good  appearance  from  flour  that  was  distinctly  damaged. 
■  Alum  in  Bread  *  is  tested  for  by  a  modification  of  the  logwood  process 
described  on  page  237  as  follows:  5  cc.  of  the  logwood  tincture  and  5  cc. 
of  the  saturated  ammonium  carbonate  solution  are  diluted  to  100  cc, 
and  the  freshly  prepared  mixture  poured  over  about   10  grams  of  the 
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Copper  Salts  in  Bread  are  detected  in  the  ash  by  the  same  method 
as  that  used  for  canned  goods  (p.  704). 

Cake  and  Similar  Preparations. — These  differ  from  bread  chiefly  by 
the  addition  of  considerable  sugar,  butter,  spices,  and  other  flavoring 
materials.  In  gingerbread,  molasses  is  used  as  an  important  ingredient 
besides  ginger.  The  adulterants  of  molasses,  such  as  glucose,  salts  of 
tin,  etc.,  would  thus  sometimes  occur  in  gingerbread.  In  fact  stannous 
chlorid  has  been  found  in  ginger  cakes.* 

The  following  analyses  of  a  few  typical  varieties  of  cakes  are  selected 
from  Bulletin  13  of  the  Bureau  of  Chemistry: 


Moisture. 


Proteids, 

NXO.25. 


Doughnuts  . , 
Ginger  snaps 
Fruit  cake . . . 
Gingerbread. 
Cup  cakes  — 
Macaroons  . . 
Jumbles 


21-61 
4.86 
24.47 
21.49 
14.81 
8.06 
13-34 


6.73 
6.06 

4.56 
6.25 

5-24 
6.67 
7.62 


Proteids, 

NX  5.70. 


Ether 
Extract. 


6.14 

5-53 
16 

70 

78 
6.08 

6.95 


19-33 
15-44 

12-35 
8.42 

15-56 
12. Q7 

14.79 


Crude 
Fiber. 


0.60 
0.79 

0.90 
0.27 
1. 41 
1.04 


Doughnuts  . . 
Ginger  snaps. 

Fruit  cake 

Gingerbread. 
Cup  cakes. . . 
Macaroons  . . 
Jumbles 


Ash. 


Salt. 


Sugar. 


0.40 
1.82 

1-55 
1. 21 

0.82 

0.97 


0.03 
0.47 

0.28 

0.34 
0.07 

0-39 


1.28 
28.66 

9.48 

32-^8 

58-77 
16.60 


Carbohy- 
drates 
other  than 

Fiber  and 
Sugar. 


50.64 
24.90 

52.46 
30.89 
10.89 
46.31 


Calculated 
Calories. 


5529 
4971 

4757 
5073 
4835 
5133 


LEAVENING   MATERIALS. 

YEAST. — The  yeast  ])lanl  is  a  fungus  of  the  genus  Saccharomyces, 
widely  distributed  through  the  vegetable  kingdom  and  in  the  air.  It  is 
capable  of  rapid  growth  by  the  multiplication  of  its  cells  when  j)resent 
in  a  favorable  medium,  sucli  as  malt  wort,  and  with  propitious  condi- 
tions of  temj)erature,  moisture,  etc.  Under  such  conditions,  it  forms  a 
yellowish,  viscous,  frothy  substance,  the  chief  value  of  which,  in  the  liquor 
industr\%  is  the  production  of  alcohol,  while  for  bread-making,  as  a  result 
of  the  same  kind  of  fermentation,  the  end  desired  is  the  leavening  of  the 
doughy  mass  by  the  carbon  dio.xide  liberated. 

*  Sec  U.  S   Dept  of  Agric,  Bur.  of  Chem  ,  Bui.  13,  p.  1369. 
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A  vigorous,  pure  yeast  whicli  will  "raise"  quickly  is  a  great  preventive 
against  sour  bread,  for  not  only  is  it  comparatively  free  from  the  germs  and 
products  of  lactic  acid  fermentation,  but  by  doing  its  work  quickly  it 
enables  the  baker  to  check  the  fermentation  or  raising  process  before  the 
lactic  acid  or  sour  decomposition  is  far  advanced. 

Yeast  most  commonly  used  in  bread-making  is  of  the  so-called  "com- 
pressed" variety.  The  use  of  compressed  yeast  is  almost  universal  for 
domestic  purposes,  and  is  more  or  less  common  in  bakeries.  A  small 
amount  of  brewers'  yeast  in  liquid  form  from  beer  wort  is  used,  especially 
in  the  immediate  neighborhood  of  breweries,  and  dry  yeasts  are  used  lo 
some  extent  in  localities  so  remote  that  fresh  compressed  yeast  cannot 
readily  be  obtained. 

Compressed  Yeast  is  a  product  of  dbtilleries  where  malt  and  raw 
grain  are  fermented  for  spirits."  Most  of  it  comes  from  whisky  wort,  and 
some  from  the  worts  used  in  the  manufacture  of  gin  and  other  distilled 
liquors.  Little  if  any  of  the  conamercial  compressed  yeast  is  made  from 
beer  wort  yeast. 

In  the  manufacture  of  compressed  yeast,  the  yeast  floating  on  the  top 
of  the  wort  is  separated  by  skimming,  while  that  settling  to  the  bottom 
is  removed  by  running  the  wort  into  shallow  settling  trays.  Top  yeast 
is  considered  more  desirable  than  bottom  yeast  for  bread-making.  The 
separated  yeast  is  washed  in  cold  water,  and  impurities  are  removed, 
either  by  sieving  through  silk  or  wire  sieves,  or  by  fractional  precipitation 
while  washing.  The  yeast,  with  or  without  the  addition  of  starch,  is 
finally  pressed  in  bags  in  hydraulic  presses,  after  which  it  is  cut  into  cakes, 
packed  in  tin-foil,  and  kept  in  cold  storage  till  distributed  for  use. 

Such  yeast  should  be  used  %s'hen  fresh,  as  it  readily  decomposes  and 
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in  leavening  as  does  compressed  or  brewers'  yeast,  but  when  once  it  begins 
to  act  it  is  quite  as  efficacious. 

Composition  of  Yeast. — ^The  following  is  the  result  of  the  analysis 
of  imder-fermentation  yeast,  after  drying,  by  Nagele  and  Loew: 

Cellulose  and  mucilage 37 

Albuminoids  (mycroprotein,  etc.).  • 36 

"            soluble  in  alcohol 9 

Peptones  (precipitable  by  subacetate  of  lead)  ...  2 

Fat 5 

Extractive  matters  (leucin,  glycerin,  etc.) 4 

Ash 7 

100 

Lintner  gives  the  following  average  analjrses  of  the  ash  of  three  samples 
of  yeast,  analyzed  by  him: 

Silica 1.34 

Iron  (FcjOj) 0.50 

Lime  (CaO) 5 .47 

Sulphuric  anhydride  (SO,) 0.56 

Magnesin  (MgOl 6.12 

Phosphoric  anhydride(P20  5) 50.60 

Potash  (KjO)  and  a  little  soda 33-49 

98.08 
Matthews  and  Scott  give  the  following  as  the  ash  composition  of  yeast: 

Potassium  phosphate 78. 5 

Magnesium  phosphate 13.3 

Calcium  phosphate 6.8 

Sih'ca,  alumina,  etc 1.4 

100. o 

Microscopical  Examination  of  Yeast. — ^Mix  a  bit  of  the  yeast  in  water 
on  the  glass  slip  till  a  milky  fluid  is  formed,  and  stir  in  a  drop  of  a 
very  weak  anilin  dye  solution,  such  as   methyl  violet,  eosin,  or  fuch- 
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^n*  Put  on  the  cover-glass,  and  examine  under  the  microscope. 
Living,  active  cells  resist  the  stain,  if  the  latter  is  dilute  enough,  and 
appear  colorless  or  nearly  so,  while  the  decayed  and  lifeless  cells  are 
stained,  and  can  easily  be  distinguished  by  their  color.  Yeast  cells  are 
circular  or  oval  in  shape,  and  vary  from  0.007  to  0009  mm.  in  diameter. 
They  are  sometimes  isolated,  and  sometimes  grouped  in  colonies;  each 
cell  has  an  outer,  mucilaginous  coating  or  envelope.  The  interior,  granu- 
lar mass  or  substance  of  the  cell  is  the  protoplasm,  and  within  the 
protoplasm  are  frequently  seen  one  or  more  circular  empty  spaces 
known  as  vacuoles. 

Yeast  cells  multiply  by  the  process  of  budding.  The  decadence  of 
yeast  cells  is  marked  by  the  increased  size  of  vacuole,  and  by  the  thicken- 
it^  of  the  cell  wall. 


(a,   after   LUissen; 


Yeast-testing. — Available  Carbon  Dioxide. — ^The  value  of  yeast  in 
bread-making  depends  on  the  amount  of  carbon  dioxide  which  it  is  capa- 
ble of  generating  under  given  circumstances,  hence  the  available  carbon 
dioxide  is  the  chief  factor  in  gauging  a  yeast.  There  are  various  methods 
of  determination,  (i)  cither  by  measuring  the  ^'olume  of  gas  set  free  by 
the  action  of  a  weighed  quantity  of  yeast  in  a  sugar  solution  of  known 


CEREALS,  LEGUMES,   VEGETABLES,  AND  FRUITS. 


253 


this  flask,  and  dissolve  4.5  grams  of  the  above  sugar  phosphate  mixture. 
Finally  add  i  gram  of  the  yeast  to  be  tested,  stir  it  well  till  there  are  no 
lumps,  and  tork  the  flask.  Carefully  weigh  on  a 
delicate  balance  the  flask  with  its  contents,  and 
immerse  in  a  water-bath  at  30°  C,  keeping  it  at 
that  temperature  for  six  hours.  At  the  end  of 
this  time,  remove  the  flask  from  the  bath,  and 
JTimcdiately  immerse  in  cold  water  to  cool  the 
contents.  Remove  the  rubber  tube  with  the  glass 
plug,  and  by  suction  draw  out  the  remaining  carbon 
dioxide.  Replace  the  plug,  and  having  carefully 
wiped  of!  the  flask,  again  weigh.  The  loss  in 
weight  is  due  to  carbon  dioxid  set  free  by  the  fer- 
mentation of  the  vcast. 

Starch  in  Compressed  Yeast. — The  addition  of 
potato  starch  to  yeast  before  pressing  has  long  been 
customar}',  on  the  grounds  that  the  starch  acted  as 
a  drier,  producing  a  much  cleaner  product,  and 
one  that  could  be  more  readily  and  intimately 
mingled  with  the  materials  of  the  bread,  besides 
enhancing  the  keeping  qualities  of  the  yeast,  es- 
pecially in  warm  weather.  The  best  grades  of  compressed  yeast  contain 
about  5%  of  starch,  but  some  are  found  with  50%  and  even  more.  Un- 
doubtedly the  larger  amounts  are  added  as  a  make  weight. 

The  question  has  frequently  been  raised  whether,  with  improved 
methods  of  manufacture,  whereby  yeast  could  be  produced  comparatively 
free  from  sHme,  and  thus  capable  of  pressure  without  the  admixture  of 
starch,  the  use  of  the  latter  should  not  be  considered  as  an  adulterant. 
Some  of  the  comj)resscd  yeast  on  the  market  is  free  from  starch,  and  its 
makers  claim  that  this  is  the  only  absolutely  pure  variety,  while  the  presence 
of  starch  should  be  distinctly  regarded  as  a  violation  of  the  section  of  the 
food  law  which  forbids  the  use  of  a  cheaper  or  inferior  ingredient. 

With  the  marked  advantages  possessed  by  a  yeast  containing  starch,  it 
is  difiicult  to  see  why  it  shoukl  be  considered  as  an  adulterant,  especially 
if  present  in  moderate  quantities.  Briant  claims  that  the  admixture 
of  starch  up  to  5^^;  increases  rather  than  decreases  the  actual  content 
of  yeast,  in  that  the  starch  abstracts  moisture  from  the  yeast  cells  them- 
selves, the  proportion  of  water  being  much  smaller,  and  that  of  the  yeast 
larger  in  the  starch  mixed  substance. 


Fig.  63. — ^Apparatus  for 
Determining  Leaven- 
ing Power  of  Yeast 
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In  the  absence  of  a  legal  standard  for  starch  in  yeast,  it  is  difficult 
to  see  how  complaints  could  be  maintained  under  the  general  food  laws 
of  most  states,  without  condemning  the  use  of  starch  altogether. 

Jago  suggests  20%  as  the  limit  for  starch  in  yeast,  beyond  which  it 
should  be  considered  as  an  adulterant. 


CHEMICAL  LEAVENING  MATERIALS. 

Under  this  heading  arc  included  the  various  ingredients  that  enter 
into  the  mixtures  commonly  known  as  "baking  powders"  which  have 
no  food  value  in  themselves,  but  are,  strictly  speaking,  instruments  or 
tools  that  by  purely  chemical  reactions  bring  about,  under  certain  con- 
ditions, the  comparatively  quick  liberation  of  gas  and  the  consequent 
aeration  of  biscuit,  bread,  and  cake. 

BaMng  Powders  and  their  Closeificatioa. — ^Formerly  the  housewife 
was  accustomed  lo  measure  out  in  proper  proportion  a  mixture  of  sour 
milk,  or  cream  of  tartar,  with  saleratus  to  produce  quick  aeration  of  bread. 
The  modem  baking  powder  is  a  natural  outgrowth  of  the  former  practice, 
and  has  almost  wholly  displaced  it,  producing,  as  it  docs,  a  mixture  ready 
for  immediate  use  of  an  acid  and  an  alkaline  constituent  in  proper  pro- 
portion for  chemical  combination  to  form  the  gas.  A  third  ingredient 
is,  however,  necessary  in  the  commercial  powder  lo  check  deterioration, 
viz.,  a  dr\-,  inert  material,  which  by  absorbing  moisture  prevents  the  pre- 
mature chemical  action  between  the  reagents.  Starch  is  nearly  always 
used  for  this  purpose,  though  sugar  of  milk  has  a  limited  use.  The  alkaline 
principle  of  nearly  all  baking  powders  is  bicarbonate  of  soda,  or  saleratus. 
Baking  powders  are  divided  naturally  into  three  main  classes,  with  refer- 
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(2)  Phosphate  Powders^  in  which  calcium  acid  phosphate  is  the  acid 
principle: 

234  168  136  142  88         .^6 

CaH  (P0,),+  2NaHC03  =  CaHPO,+Na2HPO,+  2CO2+  2H,0 

Qucium  Sodium  Calcium  Disodium  Carbon       Water 

acid  phos-  bicarbonate  monohy-  phosphate        dioxide 

phate  drogen  phos- 

phate 

(3)  ''Alum  Powders y^  wherein  the  acidity  is  due  wholly  or  in  part 
to  sulphate  of  aluminum  as  it  occurs  in  potash  or  ammonia  alum,  or  in 
the  mixed  sulphates  of  aluminum  and  sodium.* 

Assuming  burnt  potash  alum  as  the  substance  used,  the  reaction 
would  be  as  follows: 

1020  504  156  426  174  264 

K^l2(SO,),+  6NaHCOs= Al2(OH)e+  3Na2SO,+  K2SO,+  6CO2 

Burnt  pot-  Sodium  Aluminum  Sodium         Potassium      Carbon 

ash  alum  bicarbonate  hydrate  sulphate         sulphate       dioxide 

Naturally  many  baking  powders  of  complex  composition  are  met 
with,  embodying  various  mixtures  of  the  above  classes. 

Composition  of  Various  Baking  Powders. — ^FoUowing  are  analyses 
of  typical  baking  powders  of  the  above  classes:  f 

I.  Cream  of  Tartar  Baking  Powder: 

Total  carbon  dioxide,  CO, 13-21 

Sodium  oxide,  NajO 13  •  S8 

Potassium  oxide,  K^O 14-93 

Calcium  oxide,  CaO .18 

Tartaric  acid,  C4H4O5 41 .60 

Sulpluiric  acid,  SOj .10 

Starch 7.42 

Water  of  combination  and  association  by  difference. . .  8 .  98 


100.00 


Available  carbon  dioxide  12.58%. 


*  It  is  probable  that  very  little  ammonia  or  potash  alum  is  actually  used  at  present  in 
this  class  of  powders.  A  product  largely  used  is  known  in  the  trade  as  C.  T.  S.  (cream  ol 
tartar  substitute)  and  is  a  calcined  double  sulphate  of  aluminum  and  sodium. 

fDiv.  of  Chcm.,  Bui.  13,  part  5,  pp.  600,  604,  and  606. 
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2.  Phosphate  Ba^ng  Powder: 

Total  carbon  dioxide,  CO, 13-47 

Sodium  oxide,  Na^O  12.66 

Potassium  oxide,  K,0 31 

Calcium  oxide,  CaO 10.27 

Phosphoric  acid,  PjO, 31.83 

Starch 26.41 

Water  of  combination  and  association  by  difEercnce. ..  15-05 

100.00 
Available  carbon  dioxide  12.86%. 


.  Alum  Baking  Powder: 

Total  carbon  dioxide,  CO, 9. 

Sodium  oxide,  Na,0 9 

Aluminum  oxide,  A1,0, 3 

Ammonia,  NH, 1 

Sulphuric  acid,  SO, 10. 

Starch 43 . 

Water  of  combination  and  association  by  difference . .  32 , 


Available  carbon  dioxide  8.10%. 

Mixed  Powders: 

Total  carbon  dioxide,  CO, 10. 68 

Sodium  oxide,  Na,0 14. 04 

Calcium  oxide,  CaO 1-29 
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as  baking  powder.  Unless  a  specific  law  forbids  the  use  of  a  particular 
ingredient  or  class  of  ingredients,  or  in  some  manner  regulates  the 
labelling  of  the  package,  no  baking  powder  of  any  kind  can  be  considered 
adulterated  under  the  general  food  law,  unless  it  can  be  proved  to  be 
injurious  to  health,  or  unless  it  contain  inert  and  useless  mineral  matter. 

As  a  matter  of  fact,  the  residue  left  in  the  bread  by  all  classes  of  baking 
powder  consists  of  one  or  more  drugs  recognized  in  the  Pharmacopoeia, 
all  of  which  in  large  quantity  exercise  well-marked  toxic  effects  on  the 
human  system.  Artificial  digestion  experiments,  and  physiological  tests 
on  the  lower  animals,  using  excessive  doses  of  any  of  the  above  drugs,  do 
noi:  show  the  effect  of  the  ever\^-day  use  of  baking  powder  in  bread  on  the 
human  system,  and  only  a  systematic  examination  of  the  effect  of  such 
use  on  large  numbers  of  people  can  prove  conclusively  whether  or  not  any 
one  class  of  baking  i»wders  is  harmful,  and  hence  whether  or  not  it 
should  be  classed  as  adulterated.  Aside  from  the  question  of  the  harm- 
fulness  of  the  acid  ingredients  employed  in  baking  powder,  which  is  the 
subject  of  much  controversy  among  rival  manufacturers,  there  can  be 
no  doubt  that  such  inert  make  weight  substances  as  calcium  sulphate, 
or  terra  alba,  or  clay,  which  are  entirely  useless,  and  lower  the  strength, 
quality,  and  purity  of  the  powder,  are  to  be  considered  in  the  light  of  adul- 
terants. 

Cream  of  Tartar — Its  Nature  and  Adulteration. — Cream  of  tartar, 
or  potassium  bitartrate  (KH5C4O0),  is  the  purified  product  obtained  by 
the  recrj'stalh'zation  of  the  crude  argols  or  lees  deposited  in  the  interior 
of  wine  casks. 

The  lees,  or  argols,  consist  chiefly  of  crude  potassium  bitartrate,  which 
is  present  in  the  juice  of  the  grape,  but  is  insoluble  in  the  alcohol  formed 
in  the  fermentation,  and  is  hence  deposited.  If,  for  the  clarification  of 
the  wine,  such  substances  as  g}'[)sum  or  plaster  of  Paris  are  used,  tar- 
trate of  calcium  will  be  found  mixed  with  the  bitartrate  of  potassium  in 
the  lees.  Hence  il  is  that  calcium  tartrate  is  sometimes  found  in  commer- 
cial cream  of  tartar. 

Potassium  bitartrate  is  insoluble  in  alcohol,  sparingly  soluble  in  cold, 
and  readily  soluble  in  hot  water. 

Allen  *  states  that  when  the  calcium  tartrate  is  present  in  excess  of  10%, 
it  should  undoubtedly  be  considered  as  an  adulterant. 

Other  common  adulterants  of  cream  of  tartar  are  calcium  acid  phos- 
phate, gypsum,  or  plaster  of  Paris,  starch,  and  alum. 

*  Analyst,  V,  114. 
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Chemical  Analysis  of  Baking  Chemicals. — The  degree  cf  purity  of 
cream  of  tartar  is  best  detcmuned  by  weighing  out  0.188  gram  of  the 
sample,  dissolving  in  hot  water,  and  titratii^  with  tenth-normal  sodium 
hydroxide,  using  phenolphthalcin  as  an  indica  or.  If  the  article  ts  pure, 
exactly  10  cc.  of  the  standard  alkali  will  be  required  for  the  titration.  All 
the  above-named  adulterants,  with  the  exception  of  alum,  are  either  insol- 
uble, or  sparingly  soluble  in  hot  water,  and  will  indicate  the  impurity  of 
the  sample  even  before  titration.  If  the  adulterant  be  alum,  the  sample 
would  go  into  solution  in  the  water,  but  the  alum  would  be  precipitated 
by  the  sodium  hydroxide,  the  precipitate  being,  however,  soluble  in  an 
excess  of  the  alkali. 

Sodium  Bicarbonate  on  account  of  its  cheapness  is  rarely  adulterated, 
save  by  the  occasional  presence  of  common  salt,  an  impurity  incidental 
to  its  manufacture.  The  degree  of  purity  of  sodium  bicarbonate  is  best 
ascertained  by  titration  with  standard  acid,  each  cubic  centimeter  of  tenth- 
normal acid  being  equivalent  to  0.00S4  gram  of  sodiiun  bicarbonate. 

DETEKMINATION  OF  TOTAL  CARBON  DIOXIDE. 

Reagents. — Caicium  Chloride. — ^This  can  be  obtained  in  granidated 
form  in  pellets  of  about  the  size  of  peas,  specially  prepared  for  moisture 
absorption. 

Soda  Lime.*— To  a  kilogram  of  commercial  sodium  hydroxide,  500 
to  6oo  cc.  of  water  are  added,  and  the  mixture  heated  in  an  iron  kettle 
to  form  a  thin  paste.  While  still  hot,  a  kilogram  of  coarsely  powdered  quick- 
lime is  added,  stirring  with  an  iron  rod.  The  lime  is  slaked,  and  the  whole 
mass  heats  and  steams  up.     No  outside  heat  is  necessary  at  this  stage. 
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absorbent.    Types  of  these  varieties  are  the  Geissler  and  the  Knorr 
apparatus 

Tlie  Geissler  Apparatus. — This  consists  of  a  flask  A,  having  a  ground 
neck  a,  and  a  flaring  funnel-top  A'.  £  b  an  elongated  bulb,  closed  at  the 
top  by  the  hollow  stopper  K,  and  terminating  belove  in  the  hollow  stem 
V,  which  is  accurately  ground  at  b  to  fit  the  neck  a.  Fused  into  the 
bulb  B  is  the  tube  C,  and  within  this  is  the  small  tube  D,  open  at  the  top 
and  communicating  directly  with  the  hollow  stem 
B*.     gg  are  openings  between  B  and  C. 

£  is  a  fine  glass  tube,  passing  from  the  bottom 
of  the  hollow  stem  5*  and  to  the  height  of  a  small 
protuberance  e  in  the  bottom  of  the  funnel  A',  the 
construction  being  such  that  by  turning  the  bulb 
and  stem  BB'  in  the  neck  a  of  the  flask  A  the 
tube  E  may  be  opened  or  closed  at  the  top.  H 
is  a  side  tube  in  the  flask  A,  closed  by  the  ground 
stopper  k. 

The  bulb  B  and  the  tube  C  are  filled  with 
strong  sulphuric  acid  nearly  to  the  top  of  the  tube 
D,  by  passing  through  the  neck  at  the  top,  which 
is  then  closed  by  the  stopper  K. 

About  0.5  gram  of  the  dried  sodium  bicar- 
bonate, or  I  gram  of  the  baking  powder,  is  in- 
troduced into  the  flask  A  through  the  neck  a 
from  a  weighing-lube  or  otherwise,  so  that  its 
exact  weight  is  known.  The  stem  B'  is  then 
inserted,  and  the  funnel-top  A'  is  nearly  filled  \ 
with  the  hydrochloric  add,  the  tube  e  being  ^^_  ei.-G^isslert  CO,  Aj^ 
closed.  paralus  or  Alkalimcter. 

The  entire  apparatus  is  then  weighed,  after  which  ihe  stem  is  lumed 
to  bring  the  protuberance  e  nearly  opposite  the  tube  E,  uncovering  it 
enough  to  allow  the  acid  to  pass  slowly  dowTi  the  tube  into  the  flask  arid 
upon  the  powder  in  the  bottom  of  the  flask.  The  carbon  dioxide  cvoh'ed 
passes  through  ihe  opening  /  into  the  hollow  stem  B',  thence  up  through 
ihe  tube  D,  and  down  and  up  (as  indicated  by  the  arrows)  thmugh  the  sul- 
phuric acid,  which  absorbs  the  moisture.  Finally  the  gas  passes  out 
through  the  tube  K. 

After  the  evolution  of  the  gas  has  continued  for  two  or  three  minutes, 
gentle  heat  is  applied  10  the  flask  from  a  gas  flame,  and  the  solution  is 
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brought  to  boiling,  which  is  continued  for  a  few  minutes,  during  the  latter 
portion  of  which  the  stopper  k  is  removed,  and  the  tubulure  connected 
by  rubber  tubing  with  a  system  of  two  U  tubes,  one  containing  soda 
iime,  and  the  other  calcium  chloride.  The  tube  h  is  then  connected  with 
the  aspirator,  and  a  current  of  dned  air  is  passed  through  the  apparatus  at 
the  rate  of  about  two  bubbles  per  second,  long  enough  to  displace  all 
the  carbon  dioxide.  The  rubber  tubes  are  then  disconnected,  the  stopper 
K  is  replaced,  and  the  apparatus  cooled  to  room  temperature  and  weighed. 

The  available  carbon  dioxide  in  baking  powder  is  determined  in  the 
same  mamier  as  above,  by  simply  substituting  freshly  boiled,  distilled 
water  for  the  hydrochloric  acid  in  the  funnel-top  A'. 

The  Knorr  Apparatus  {Modified). — The  apparatus  (Fig.  65)  consists 
of  (i)  a  flask,  into  which  is  introduced  an  accurately  weighed  amoimt  of 
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chloride  tube,  which  may  if  desired  be  replaced  by  a  second  sulphuric 
acid  bulb.  The  potash  absorption  apparatus  is  accurately  weighed 
before  being  connected  up,  and  the  funnel  is  neariy  filled  with  the  hy- 
drochloric acid  reagent,  after  which  the  soda  lime  tube  is  attached.  The 
calcium  chloride  tube  is  connected  by  a  rubber  tube  with  the  aspirator, 
and  a  current  of  cold  water  is  allowed  to  run  through  the  outer  Liebig 
condenser-tube. 

The  stop-cock  in  the  funnel-tube  is  first  opened  to  allow  the  acid 
to  slowly  run  into  the  flask,  the  flow  being  regulated  to  insure  slow  evolu- 
tion of  the  gas. 

The  aspirator  is  then  turned  on  so  that  about  two  bubbles  of  air  per 
second  pass  through  the  apparatus,  and  gentle  heat  is  applied  to  the 
flask  by  the  gas  flame,  the  solution  within  being  brought  to  boiling,  and 
the  boiling  continued  for  several  minutes  after  the  vapor  has  begun  to 
gather  in  the  condenser. 

Prolonged  boiling  of  the  solution  should  be  avoided,  and  in  a  series  of 
tests  the  time  of  boiling  should  be  precisely  the  same  in  all  cases. 

After  removing  the  flame,  the  flask  is  allowed  to  cool,  the  aspiration 
being  continued.  The  absorption-tube  is  then  removed  and  weighed 
at  room  temperature,  the  increase  in  weight  being  due  to  the  carbon 
dioxide. 

The  Available  Carbonic  Acid  in  Baking  Powder  is  determined  in  the 
same  manner  as  the  total  carbon  dioxide,  except  that  recently  boiled, 
distilled  water  is  substituted  for  the  hydrochloric  acid. 

TARTARIC  ACID. 

Detection.* — It  is  frequently  desirable  to  test  a  so-called  "  compound" 
cream  of  tartar,  or  a  ^^cream  of  tartar  substitute,"  or  an  adulterated  sample 
made  up  largely  of  foreign  ingredients,  to  see  if  any  tartaric  acid,  free  or 
combined,  be  i)resent.  The  following  test  is  applicable  in  presence  of 
phosphates: 

If  the  substance  to  be  tested  is  found  to  be  free  from  starch,  mix  a 
little  of  the  dr)^  powder  in  a  test-tube  with  a  bit  of  dry  resorcin,  add  a 
few  drops  of  concentrated  sulphuric  acid,  and  heat  slowly.  A  rose-red  color 
indicates  tartaric  acid  or  a  tartrate,  the  color  being  discharged  on  dilution 
with  water. 

In  case  of  baking  powder,  or  a  cream  of  tartar  substitute  containing 


*  Wolff,  Rev.  Chim.  Analyt.  et  appi.  4  (1899),  p.  2631. 
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Starch,  shake  repeatedly  from  3  to  5  grams  of  the  sarapk  with  about  250 
cc.  of  cold  water  in  a  lai^e  flask,  allowing  the  insoluble  portion  to  subside. 
Decant  the  solution  through  a  filter,  and  evaporate  the  filtrate  to  dryness, 
after  which  test  the  dried  residue  or  a  portion  thereof  with  resorcin  and 
sulphuric  acid  as  above  described. 

Detennination  of  Total  Tartaric  Add.  —  Modified  Heidenkain 
Method.* — ^Applicable  only  in  the  absence  of  phosphates  and  salts  of 
aluminum  and  calcium. 

Into  a  shallow  porcelain  dish,  6  inches  in  diameter,  weigh  out  2  grains 
of  the  mateiial  and  sufficient  potassium  carbonate  to  combine  with  all 
tartaric  acid  not  in  the  form  of  potassium  bitartrate.  Mix  thoroughly 
with  15  CO.  of  cold  water,  and  add  5  cc  of  99%  atstic  add.  Stir  for  half 
a  minute  with  a  glass  rod  bent  near  the  end.  Add  100  cc.  of  95%  alcohol, 
stir  violently  for  five  minutes,  and  allow  to  settle  at  least  thirty  minutes. 
Filter  on  a  Gooch  crucible  with  a  thin  layer  of  paper  pulp,  and  wash 
with  95%  alcohol  until  2  cc.  of  the  filtrate  do  not  change  the  color  of 
litmus  tincture  diluted  with  water.  Place  the  precipitate  in  a  small  cas- 
serole, dissolve  in  50  cc.  of  hot  water,  and  add  standard  fifth-normal  potas- 
sium hydroxide  solution,  leaving  it  still  strongly  acid.  Boil  for  one  minute. 
Finish  the  titration,  using  phenolphthalein  as  indicator,  and  correct  the 
reading  by  adding  0.2  cc.  One  cc.  of  fifth-normal  potassium  hydroxide 
solution  is  equivalent  to  0.026406  gram  tartaric  anhydride  (CjH,Oj), 
0.03001  gram  tartaric  acid  (H,C,H^O,),  and  0.03763  gram  potassium 
bitartrate  (KHC,H,0,). 

The  standard  of  the  potassium  hydroxide  solution  should  be  fixed  by 
pure  dry  potassium  bitartrate. 

The  accuracy  of  thb  method  is  indicated  by  the  agreement  of  the 
>crcentages  of  potassium  bitartrate  in  cream  of  tartar  powders  containing 
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a  tared  Gooch  crucible,  wash  first  with  water  until  neutral,  then  once 
with  alcohol,  and  finally  with  ether.  Dry  at  no®  C.  for  four  hours,  cool, 
and  weigh.  Bum  oflF  the  starch,  and  again  weigh.  The  difference  in 
the  two  weights  indicates  the  weight  of  the  starch.  The  purity  of  the 
starch  is  insured  by  examination  with  the  microscope. 

Acid  Conversion  Method.* — If  the  sample  contains  lime,  mix  5  grams 
in  a  500-cc.  flask  with  200  cc.  of  3%  hydrochloric  acid,  and  let  the  mixture 
stand  an  hour  with  frequent  shaking.  Filter  through  a  wetted  11 -cm. 
filter,  wash  with  water,  and  transfer  the  starch  by  a  wash-bottle  from  the 
filter-paper  back  into  the  original  flask,  using  200  cc.  of  water. 

If  the  sample  be  free  from  lime,  weigh  5  grams  directly  into  the  500-cc. 
flask  with  200  cc.  of  water.  In  either  case  add  20  cc.  of  hydrochloric 
acid  (specific  gravity  1.125)  and  heat  the  flask  in  boiling  water  for  2^ 
hours,  the  flask  being  provided  with  a  reflux  condenser.  Determine  the 
dextrose,  and  from  this  the  starch  in  the  regular  manner. 

Aluminum  Salts. — Detection.t — (a)  In  Baking  Powder. — ^Appli- 
cable in  presence  of  phosphates.  Bum  to  an  ash  about  2  grams  of  the 
sample  in  a  platinum  dish.  Extract  with  boiling  water  and  filter.  Add 
to  the  filtrate  sufficient  ammonium  chloride  solution  to  produce  a  distinct 
odor  of  ammonia.    A  flocculent  precipitate  indicates  aluminum. 

In  igniting,  as  above  directed,  sodium  aluminate  results  from  the 
more  or  less  complete  fusion.  The  reaction  which  occurs  may  be  repre- 
sented as  follows: 

Na^AljO^-f  2NH,C1+4H30- Alj(OH)e+  2NH,OH-f  2NaCl. 

Sodium  Ammonium  Aluminum  Ammonia  Salt 

aluminate  chloride  hydroxide 

If  any  phosphate  of  lime  be  present,  it  will  be  insoluble  in  the  solution 
of  the  ash.  If  phosphate  of  sodium  or  potassium  be  present,  it  will  go 
into  solution,  but  will  only  precipitate  out  when  an  aluminum  salt  is  also 
{)resent  on  the  addition  of  the  ammonium  chloride  reagent. 

{b)  In  Cream  oj  Tartar. — Mix  about  i  gram  of  the  sample  with  an 
equal  (juantity  of  sodium  carbonate,  bum  to  an  ash,  and  proceed  as  in 
the  case  of  baking  powder  (a). 

Determination  of  Alumina. — The  above  qualitative  method  with  am- 
monium chloride  may  be  made  quantitative  in  presence  of  phosphates 
as  follows:  After  carr\'ing  out  the  qualitative  method  as  above  directed, 
filter  off  the  final  precipitate,  dissolve  it  in  nitric  acid,  and  test  it  for  phos- 

*  U.  S.  Dcpt.  of  Agric,  Bur.  of  Chem.,  Bui.  65,  p.  105. 

tLcach»  31st  An.  Kcp.  Mass.  State  Board  of  Health,  1899,  p.  63& 
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phate  with  ammonium  molybdate.  If  phosphates  are  found  absent, 
proceed  as  before  with  a  weighed  amount  of  the  sample  and  wash,  ignite, 
bnd  weigh  the  residue  as  A1,0^ 

If  phosphate  is  found  present  in  the  ammonium  chloride  precipitate, 
proceed  as  before,  igniting  and  weighing  the  total  residue.  Then  deter- 
mine the  P,0(  in  the  latter  and  subtract  from  the  total.  The  difference 
will  be  the  A1,0,. 

Detennination  of  Lime. — 5  grams  of  the  sample  are  treated  in  a  500- 
cc.  gftduated  flask  with  50  cc.  of  water  and  25  cc.  of  concentrated  hydro- 
chloric acid.  Add  water  to  the  mark,  shake,  and  allow  the  starch  to  settle. 
Decant  through  a  dry  filter,  and  to  50  cc.  of  the  flltrate  add  ammonia 
nearly  to  neutralization,  and  acidify  with  acetic  acid.  Then  add  ammo- 
nium acetate  and  boil.  Filter,  if  necessary,  and  precipitate  the  lime  with 
an  excess  of  ammonium  oxalate.  Filter,  wash,  and  ignite  over  a  blast- 
lamp.    Weigh  as  CaO. 

Determination  of  Potash  and  Soda.* — ^Weigh  out  5  grams  into  a 
platinum  dish,  and  incinerate  in  a  muffle  at  a  low  heat.  The  charred 
mass  is  well  rubbed  up  in  a  mortar,  then  boiled  fifteen  minutes  with 
about  200  cc.  of  water  to  which  has  been  added  a  little  hydrochloric 
«id.  The  whole  b  transferred  to  a  Soo-cc.  flask,  and,  after  cooling, 
made  up  to  the  mark  and  filtered.  Of  the  filtered  liquid  !oo  cc, 
representing  i  gram  of  ihc  sample,  are  measured  out,  heated  on  the 
water-bath,  and  a  slight  excess  of  barium  chloridi.'  added;  then  with- 
out filtering  barium  hydroxide  is  added  in  sh'ght  excess,  the  precipitate 
filtered  off,  and  washed.  To  the  filtrate  b  added  a  httle  ammonium 
hydroxide,  and  then  ammonium  carbonate  until  all  the  barium  b  pre- 
cipitated.     This  precipitate  is   filtered   and  washed,  the  filtrate  evapo- 
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Determination  of  Phosphoric  Acid. — Method  of  the  A.  O.  A.  C 
Mix  5  grams  of  the  material  with  10  cc.  of  magnesium  nitrate  solution,! 
dry,  ignite,  and  dissolve  in  hydrochloric  acid.  Take  an  aliquot  part  of 
the  solution  prepared  above,  corresponding  to  0.25  gram,  0.50  gram,  or 
I  gram,  neutralize  with  ammonia,  and  clear  with  a  few  drops  of  nitric 
acid.  In  case  hydrochloric  or  sulphuric  acid  has  been  used  as  solvent, 
add  about  15  grams  of  dty  ammonium  nitrate,  or  a  solution  containing  that 
amount.  To  the  hot  solution  add  50  cc.  of  molybdic  solution}  for  every 
decigram  of  P2O5  that  is  present.  Digest  at  about  65°  for  an  hour,  filler, 
and  wash  with  cold  water,  or  preferably  ammonium  nitrate  solution.§ 
Test  the  filtrate  for  phosphoric  acid  by  renewed  digestion  and  addition 
of  more  molybdic  solution.  Dissolve  the  precipitate  on  the  filter  with 
ammonia  and  hot  water  and  wash  into  a  beaker  to  a  bulk  of  not  more 
than  100  cc.  Nearly  neutralize  with  hydrochloric  acid,  cool,  and  add 
magnesia  mixture  from  a  burette;  add  slowly  (about  i  <lrop  per  second), 
stirring  vigorously.  After  fifteen  minutes  add  30  cc.  of  ammonia  solution 
of  density  0.96.  Let  stand  for  some  time;  two  hours  is  usually  enough. 
Filter,  wash  with  2.5%  NH3  until  practically  free  from  chlorides,  ignite 
to  whiteness  or  to  a  grayish  white,  and  weigh. 

Determination  of  Sulphuric  Acid. — Provisional  Method  A.  O.  A.  C,\\ — 
Boil  5  grams  of  the  powder  gently  for  one  and  one-half  hours  with  a  mix- 
ture of  300  cc.  of  water  and  15  cc.  of  concentrated  hydrochloric  ac!d. 
Dilute  to  500  cc,  draw  off  an  aliquot  portion  of  100  cc,  dilute  considerably, 
precipitate  with  barium  chloride,  filter  through  a  Gooch  crucible,  ignite, 
and  weigh.  Direct  solution  of  the  material  without  burning  the  organic 
matter  was  proposed  by  Crampton.l"  The  dextrose,  formed  ])y  the  action 
of  the  acid  on  the  starch  of  baking-powders,  does  not  interfere  with  the 
accuracy  of  the  process. 

Determination  of  Ammonia  (present  in  the  form  of  ammonia  alum 
or  ammonium  carbonate).  Mix  5  grams  of  the  sample  with  200  cc.  of 
water,  and  arid  an  excess  of  sodium  hvdroxide.  Distill  into  standard 
acid,  and  determine  the  ammonia  bv  titration. 

♦  I*.  S.  Dcpt.  of  A^rii .,  Div.  of  Chrm..  Bui.  46,  p.  12. 

t  Prepared  as  f«)lU)\vs:  Dissolve  So  grams  calcined  magnesia  in  nitric  acifl,  avoi<iing  an 
excess  of  acid,  then  a(l<i  a  little  calcined  magnesia  in  excess,  boil,  filter  from  the  excess  of 
magnesia,  ferric  oxide,  etc.,  and  dilute  with  water  to  500  cc. 

J  Reagent  Xo.  5  ^ 

§  Prepared  by  <lis.M)lving  100  grams  of  ammonium  nitrate,  Reagent  No.  54,  in  i  htcr  of 
water. 

J  U.  S.  Dept.  of  Agric,  Bur.  of  Chcm.,  Bui.  65,  p.  107. 

IT  U.  S.  Dept.  of  Agric,  Div.  of  Chcm.,  Bui.  13,  part  5,  p.  596. 
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SEMOUNA,   UACARONI,   AND  EDIBLE  PASTES. 

Semolina  is  the  coarse  meal  ground  from  certain  varieties  of  hard 
or  "durum"  wheats,  grown  originally  in  Italy,  Sicily,  and  Russia,  but 
at  present  in  France  and  certain  parts  of  the  United  States  and  Canada. 
This  hard  wheat  is  high  in  gluten,  and  especially  adapted  for  the  prepara- 
tion of  macaroni  and  the  various  pastes.  A  peculiar  process  is  employed 
in  preparing  the  wheat,  whereby  the  husk  is  removed  by  wetting,  healing, 
grinding,  and  sifting,  the  resulting  meal  or  semolina,  being  in  the  form 
of  small,  round,  glazed  granules. 

The  semolina  thus  prepared  furnishes  the  basis  of  the  Italian  edible 
pastes,  being  mixed  with  warm  water,  kneaded,  and  molded  into  various 
forms  and  finally  dried,  either  by  pressure  through  holes  in  an  iron  plate, 
or  otherwise. 

Macaroni  is  the  larger  of  the  slender-tube  or  pipe-shaped  products; 
vermicelli  is  the  worm-shaped  variety,  produced  when  the  holes  in  the 
plate  are  very  small;  spaghetti  and  noodles  arc  terms  applied  to  cord- 
like pastes  intermediate  in  size  between  the  others.  \  variety  of  Italian 
pastes  or  p&tis  are  made  by  rolling  the  kneaded  semolina  into  thin  sheets , 
and  cutting  out  in  shapes  of  animab,  letters  of  the  alphabet,  etc. 

The  composition  of  some  of  these  products  is  as  follows: 
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celli.  The  wheat,  softened  by  boiling,  is  shredded  by  passing  through 
a  peculiar  machine,  after  which  the  biscuits  are  made  by  lightly  putting 
together  the  threads  and  by  final  baking.  The  comparative  composition 
of  shredded  wheat  and  of  typical  whole  wheat  is  thus  shown  by  Wiley:* 


Constituents. 


Shredded 

Biscuit. 

Per  Cent. 


Moisture 

Proteids 

EthtT  extract 

Ash 

Crude  fiber 

CarU>hv(lrates  other  than  fiber 


Typical 

Wheat. 

Per  Cent. 


10.57 

10.60 

12.06 

12.25 

1.03 

1-75 

2.65 

1-75 

2.58 

2.40 

71.11 

71.25 

PREPARED  CEREAL  BREAKFAST  FOODS. 

The  large  number  and  variety  of  these  preparations  now  on  the  market 
testif\^  to  the  fact  that  the  breakfast  cereal  forms  a  most  important,  as  well 
as  considerable,  portion  of  our  food  supply.  These  foods  are  generally 
prepared  from  wheat,  oats,  and  com,  and  are,  as  a  rule,  remarkably  pure 
and  free  from  adulteration,  though  the  food  value  of  different  varieties 
is  often  grossly  misstated  by  their  manufacturers.  Formerly  the  break- 
fast food  consisted  entirely  of  the  coarsely  ground,  generally  decorticated, 
raw  cereal  grain,  and  required  a  long  period  of  cooking  to  prepare  it  for 
use.  At  present  many  of  the  oat  products,  and  to  some  extent  also  those 
of  com,  rice,  and  wheat,  are  subjected  to  a  more  or  less  preliminary  cook- 
ing and  dr\'ing,  whereby  they  are  capable  of  being  prepared  for  use  in 
a  much  shorter  time,  and  their  keeping  qualities  are  enhanced.  The 
so-called  rolled  oats  are  prepared  by  softening  the  grains  through  steam- 
ing, after  which  Ihey  are  crushed  between  rollers  and  afterwards  dri'jd. 
The  steaming  process  is  a  typical  one  for  various  other  cereals,  though 
in  some  cases  the  heating  consists  in  baking  or  kiln  drying. 

The  effect  of  the  [)reliminary  cooking  on  the  finished  product  varies 
somewhat  accordinfi;  to  whether  dry  or  moist  heat  has  been  applied,  and 
is  chiefly  noticeable  in  the  altered  character  of  the  carbohydrates.  In 
all  cases  the  starch  is  rendered  more  soluble,  whether  by  the  conversion  of 
a  portion  into  dextrin  and  dextrose,  or  by  a  simple  breaking  dowTi 
of  the  starch  grains,  as  in  the  case  of  bread  in  baking. 

In  spite  of  the  seemingly  endless  variety  of  the  package  cereals,  they 


♦  U.  S.  Dept.  of  Agric,  Bur.tof  Chcm.,  Bui.  13,  p.  1337. 
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divide  themselves  as  a  matter  of  fact  into  a  very  few  well-defined  classes, 
the  members  of  which  differ  but  little  from  each  other  except  in  name. 

First  there  are  the  raw  cereal  grains  of  the  oat,  wheat,  and  com,  pre- 
pared by  simple  crushing  to  various  degrees  of  fineness,  after  decorticating; 
next  comes  the  classes  of  partially  cooked  preparations  of  each  of  these 
grains,  appearing  in  various  forms  of  "flakes,"  "granules,"  "grits," 
etc.,  and  again  a  class  known  as  malted  cereab,  in  which  the  moist,  ground 
grain  is  mixed  with  malted  barley,  and,  by  controlling  the  temperature, 
a  portion  of  the  starch  is  converted  to  maltose  and  dextrin,  after  which 
the  mixture  is  crushed  between  hot  rollers  and  dried. 

In  the  preparation  of  most  of  the  com  breakfast  products,  such  as 
samp  and  hominy,  it  is  customary  to  remove  the  germ,  which  contains 
the  oil  and  fat,  lest  the  tendency  of  the  latter  to  become  rancid  should 
result  in  the  deterioration  of  the  food.  In  wheat  foods  the  gemi  is  less 
often  removed,  and  rarely,  if  ever,  in  oat  preparations.  The  amount 
of  fat  found  in  the  prepared  cereal  food  as  compared  with  that  in  the 
whole  grain  is  of  interest  in  this  connection. 

Composition  of  Some  of  the  Common  Breakfast  Cereals ^The  follow- 
ing analyses  vrill  sen'c  to  typify  the  various  classes  of  these  preparations 
as  they  appear  on  the  market; 
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The  methods  of  analysis  employed  for  these  preparations  are  the 
same  as  for  ordinary  cereals  (p.  217),  the  sample  being  ground  fine 
enough  to  pass  through  a  i-mm.  sieve. 

Prepared  Foods  for  Infants  and  Invalids. — In  dealing  with  the  com- 
position and  analysis  of  this  class  of  proprietary  foods  more  than  ordinary 
care  is  necessary,  in  view  of  the  fact  that  one  or  another  of  these  prepara- 
tions are  frequently  prescribed  for  the  exclusive  diet  of  those  whose  very 
life  may  depend  on  the  character  and  suitability  of  the  food  to  the  case 
in  hand.  Many  of  these  foods  do,  as  a  matter  of  fact,  honestly  fulfill  the 
claims  of  their  manufacturers,  but  others  fall  far  short  of  so  doing,  so 
that  it  is  hardly  safe  to  use  them  unless  some  intelligent  idea  of  their 
composition  can  be  gained.  It  is  not,  as  a  rule,  within  the  province  of 
the  analyst  to  furnish  an  opinion  regarding  the  adaptability  of  a  certain 
food  to  the  requirements  of  an  infant  or  invalid,  but  rather  to  provide 
the  necessar}^  data  whereon  such  an  opinion  may  be  intelligently  based. 

A  simple  statement  of  moisture,  fat,  protein,  carbohydrates  (by  dif- 
ference), and  ash,  which  in  the  case  of  ordinary  foods  would  often  be 
suflScient,  would  be  obviously  inadequate  in  expressing  the  analysis  of 
an  infant  food,  since  it  is  of  much  more  vital  importance  than  in  other 
foods  to  know  the  solubility  of  the  food  itself,  and,  to  as  great  an  extent 
as  possible,  the  character  of  the  carbohydrates. 

The  chief  ingredients  of  many  of  these  preparations  are  wheat,  or 
mixed  cereals  high  in  starch.  Many  of  the  foods  are,  according  to  the 
directions,  to  be  used  practically  without  cooking,  but  by  simply  mixing 
with  milk  or  water,  and,  in  some  cases,  bringing  to  the  boiling-point. 
Hence  the  degree  of  conversion  which  the  raw  starch  has  undergone  in 
the  process  of  manufacture  of  the  food  should,  if  possible,  be  ascertained 
a^  a  prime  factor  in  judging  of  its  character  and  adaptability  to  the  needs 
of  the  young  child  and  of  the  sick.  Incidentally  it  should  be  said  that 
few  if  any  of  the  infant  foods,  even  those  whose  high  character  has  long 
been  established  by  continued  trial,  conform  ver}^  closely  to  the  composi- 
tion of  woman's  milk,  which  was  long  accepted  as  the  true  standard  on 
which  to  base  their  efficiency.  Hence  it  is  no  easy  task  to  pass  judgment 
on  a  particular  food  from  its  chemical  composition  alone  without  trial, 
nor  is  it  right  to  unqualifiedly  condemn  in  all  cases  food  high  in  insoluble 
carbohydrates,  since  there  are  undoubtedly  many  instances  in  which 
such  foods  are  successfully  used. 

Classification  and  Preparation  of  Infants'  Foods.— These  foods  may 
for  convenience  be  divided  into  two  main  classes,  viz.,  farinaceous  JoodSf 
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or  th<»e  which  are  prepared  wholly  or  chiefly  from  one  or  more  cereal 
grains,  and  laclated  foods,  or  those  in  which  cow's  milk  forms  the  basb, 
but  which  may  contain  in  addition  thereto  various  other  substances,  such 
as  cereals,  sugars,  etc. 

The  farinaceous  foods,  which  are  usually  directed  to  be  mixed  with 
milk  before  using,  may  be  further  subdivided  into  (a)  those  that  consist 
chiefly  of  unconverted  starch,  (b)  those  whose  starch  has  been  ncariy 
all  hydrolyzed  to  soluble  form  in  the  process  of  manufacture,  and  (c)  those 
which  contain  much  unconverted  starch,  but  in  addition  thereto  diastase 
or  some  other  ferment,  which,  when  the  food  is  mixed  with  warm  water 
or  milk,  is  supposed  to  convert  all  the  starch  to  soluble  form. 

The  unconverted  starch  foods  are  nearly  all  made  up  of  baked  dry 
flour,  chiefly  that  of  wheat,  but  sometimes  a  mixture  of  cereals  {is  oats, 
barley,  and  wheat)  and  sometimes  oats  or  barley  alone.  The  baking 
breaks  down  to  some  extent  the  starch  grains,  as  in  the  case  of  bread 
or  crackere,  but  does  not  actually  convert  much  of  it  to  sugar. 

The  soluble  farinaceous  foods  are  usually  prepared  somewhat  as 
follows:  A  mixture  of  ground  wheat  and  barley  malt  {with  sometimes  a 
little  wheat  bran)  is  mixed  with  water  to  form  a  paste,  and  a  little  bicar- 
bonate of  potash  added.  The  mixture  is  heated  at  65°  C.  for  sufficient 
time  to  convert  the  starch,  after  which  it  is  exhausted  with  warm  water, 
the  extract  being  strained,  and  the  flltrate  evaporated  to  dryness  to  form 
the  food.  The  sugars  of  such  foods  consist  largely  of  maltose  mixed 
with  dextrin. 

The  farinaceous  foods,  which  depend  for  the  conversion  of  their  starch 
on  the  method  of  cooking  or  heating  before  serving,  are  usually  mixtures 
of  wheat  or  other  cereal  flour  with  malt  or  pancreatic  extract. 
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Farinaceous  foods: 

Imperial  granum 

Ridge's  food 

Mother's  food 

Robinson's  barlcv 

Mixed  foods: 

Horlick's  malted  milk 

Lactated  food 

Mellin's  food 

Ncstld's  milk  food 

Reid  <fc  Camrick's  baby  food 
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Farinaceous  foods: 

Imperial  granum 

Ridge's  food 

Mother's  food 

Robinson's  barley 

Mixed  foods: 

Horlick's  malted  milk 

Lactated  food 

Mellin's  food 

Nestlo's  milk  food 

Reid  &  Camrick  's  baby  food . . . 


Starch. 

Fiber. 

etc..  by 

DiflFer- 

ence. 


76.60 
72.01 

69.24 
78.66 

15.68 
47.72 


35.34 
34.54 


Maltose. 


49.00 


50  to  60 


Lactose. 


Cane 
Sugar. 


30.00 


3.00 


Remarks. 
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0.49 

0.53 
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0.94 
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2.57 

3-50 
1-60 

2.78 


8.96 
30.00 


8.00 
Trace 


36.34 
8  to  9 


Wheat  starch 
Wheat  starch 
Corn  and  wheat  starch 
Barley  starch 


Wheat  starch 
Wheat  starch 


Methods  of  Analysis. — ^The  sample  is  prepared  for  analysis  by 
grinding  it  sufficiently  fine  in  a  mortar  or  mill  to  pass  through  a  i-mm. 
sieve.  Moisture,  fat,  ash,  and  nitrogen  arc  determined  as  in  the  regular 
methods  for  cereals  (pp.  217-219). 

In  determining  loss  of  weight  due  to  solubility  of  the  sample  in  alcohol 
and  water,  ])r()ceed  as  follows:*  The  fat-free  residue  left  in  the  Soxhlet 
apparatus,  after  extraction  with  ether  or  petroleum  ether,  is  subjected 
to  further  extraction  with  95^^  alcohol,  till  all  soluble  matter  has  been 
extracted.  If  5  grams  of  the  sample  were  originally  taken  for  the  fat 
extraction,  this  operation  would  require  about  five  hours.  Evaporate  the 
alcoholic  extract  to  dryness,  and  weigh  the  residue  as  in  the  case  of  the 
ether  extract.  Dry  the  residue  left  in  the  Soxhlet  from  the  alcoholic 
extract,  or  a  portion  thereof,  in  a  platinum  dish  over  the  water-bath, 
cool,  and  weigh.     Transfer  to  a  Gooch  crucible,  provided  with  aslx^stos 

*  McOill,  Canada  Inland  Rev.  Dcpt.  Bui.  59. 


»7*  FOOD  INSPECTION  AND  ANALYSIS. 

and  previously  tared,  a  portion,  the  relation  of  which  to  the  or^nal  weight 
taken  is  calculated  from  the  moisture,  ether,  and  alcohol  extracts  as  pre- 
viously determined.  Pass  through  the  contents  in  the  Gooch  by  suction 
from  200  to  300  cc.  of  cold  water  at  room  temperature,  dry  the  Gooch. 
and  its  contents  at  100°  to  constant  weight,  cool  and  weigh,  thus  deter- 
mining the  solubility  of  the  sample  in  water. 

According  to  McGill,  five  hours'  extraction  with  alcohol  under  the 
above  conditions  removes  all  cane  sugar,  but  probably  not  all  the  lactosie, 
maltose,  and  dextrose,  if  a  considerable  quantity  of  these  sugars  is  pres- 
ent. Water  dissolves  the  dextrin  and  gum  and  such  of  the  sugar  as 
escapes  solution  in  the  alcohol,  hence  the  sum  of  the  alcohol  and  water 
extract  is  of  value.  In  the  calculation  of  the  starch,  fiber,  etc.,  by  differ- 
ence, it  should  be  borne  in  mind  that  the  result  is  only  approximate,  by 
reason  of  the  fact  that  the  small  amount  of  soluble  albuminoids  (which 
McGill  states  never  exceeds  2\%)  are  reckoned  in,  hence  a  small  error 
is  iniroduccd,  which  could  be  corrected,  if  considered  worth  while,  by 
determining  the  amount  of  soluble  albuminoids. 

Separation  of  the  Carbohydrates  can  be  effected  by  Stone's  method 
(pp.  227,  228},  but  a  vcr^'  satisfactor}-  idea  of  the  solubility  of  these 
foods,  which  is  of  chief  importance,  can  be  gained  by  the  much  simpler 
modified  method  of  McGill,  as  described  in  the  preceding  paragraphs. 

Cold-water  Extract. — The  etjuivalent  of  10  grams  of  the  moisture-free 
subslancc,  finely  ground,  is  weighed  in  a  tared  flask,  and  water  added  in 
.several  portions  with  gentle  shaking  till  the  contents  of  the  flask  weigh 
no  grams.  The  flask  is  then  corked  and  vigorously  Shaken  at  inter\als 
during  six  or  eight  hours  and  allowed  lo  stand  over  night.  The  super- 
natant liquid  is  then  decanted  into  the  large  tubes  of  a  centrifuge,  and 
4Ldiment  settles  out.     The  ccmuarattvelv  clear  hnuid  may 
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subjected  to  heating,  or  boiling  with  water  or  milk,  to  condemn  them  as 
containing  much  insoluble  matter,  without  comparing  the  figures  express- 
ing results  of  the  analyses  of  the  raw  foods,  calculated  to  the  water-free 
basis,  with  those  obtained  on  analyzing  the  food  after  boiling  or  otherwise 
cooking  with  pure  distilled  water,  for  a  length  of  time  specified  in  the  direc- 
tions, and  afterwards  drying.  It  is  possible  that  the  presence  in  the  food 
of  diastase,  or  other  ferment,  may  be  depended  on  to  hydrolyze  a  whole 
or  a  portion  of  the  starch,  and  only  by  such  comparison  will  this  be  shown. 
Microscopical  Examination  of  the  food  is  of  value  in  determining 
its  general  character,  showing  especially  whether  or  not  starch  is  present 
in  its  original  form,  or  has  been  converted  in  whole  or  in  part.  The  par- 
ticular varieties  of  cereal  grain  employed  are  generally  evident,  as  well 
as  the  presence  and  proportion  of  the  different  tissues  of  the  grain. 

REFERENCES  ON  CEREALS,  VEGETABLES,  LEGUMES,  FRUITS,  ETC. 

Atwater,  Helen  W.     Bread  and  the  Principles  of  Bread  Making.     Farmer's  Bui.  112. 

Beans,  Peas  and  other  Legumes  as  Food.     Farmer's  Bui.  121. 

Ballaxd.    Recherches  sur  les  Bids,  les  Farines  et  le  Pain.    Paris,  1894. 

BiGELOW,  MuNsoN,  ToLMAN,  and  Howard.    Fruits  and  Fruit  Products.    Bur.  of 

Chem.  Bui.  66. 
Blasdale,  W.  C.    Some  Chinese  Vegetable  Food  Materials.    Exp.  Sta.  Bui.  68. 
Chtttenden,  R.  H.,  and  Osborne,  T.  B.    Proteids  of  the  Com  Kernel.    Am.  Chem. 

Jour.,  Xni,  No.  7,  and  XIV,  No.  i. 
Galt,  H.    The  Microscopy  of  the  Starches.    London,  1900. 
GooDFELLOW,  J.    The  Dietetic  Value  of  Bread.    London,  1892. 
GRiFFrrns,  W.    The  Principal  Starches  Used  as  Food.     Cirencester,  1892. 
Hanausek,  T.  T.     Die  Nahrungs-  und  Genussmittel  aus  dem  Pflanzenreiche.     Kassel, 

1884. 
Harz,  C.  O.     Landw.  Samenkunde.     Berlin,  1885. 
Jago,  W.     Science  and  Art  of  Bread  Making,  Chemistry  and  Analyses  of  Wheat, 

Flour,  etc.     London,  1895. 
KoRNiCKE,  F.,  u.  Werner,  H.     Handbuch  des  Getreidebaues.     Berlin,  1885. 
Krug,  W.  H.     Analytical  Methods  for  Carbohydrates  as  Applied  to  Foods,  etc.     Jour. 

Frank.  Inst.,  1902  (CLIV),  349-401. 
La  WES  and  Gilbert.     Com[X)sition  of  Wheat  Grain,  its  Products  in  the  Mill,  and 

Bread. 
McGiLL,  A.     Infants'  and  Invalids'  Foods.     Canada  Inl.  Rev.  Dept.  Bui.  59. 

Cereal  Prca!;fast  Foods.    Canada  Inl.  Rev.  Dept.  Bui.  84. 

Maurizio,  A.     G(  treide,  Mehl  und  Brot.     Berlin,  1903. 

MoELLER,  J.     Mikroskopie  der  Nahrungs-  und  Genussmittel  aus  dem  Pflanzenreiche. 

Beriin,  1886. 
MoLiscH,  H.     Grundriss  einer  Histochemie  der  pflanzlichen  Genussmittel     Jena,  1891. 


274  FOOD  INSPECTION  AND  ANALYSIS. 

Mdmsok,  L.  S.,  and  Tolman,  L.  M.    Fruits  aod  Fruit  Products.    Bur.  of  Chem.  DuL 

65,  Part  Xm,  pi^  74. 
OsBOBNE,  T.  B.    Crystallized  Vegetable  Proteids.    Am.  Chem.  Jour.,  XIV,  No.  8. 

Oat  Proteids.    Conn.  Exp.  Station,  An.  Reps.,  1890,  page  115;  1891,  page  134. 

The  Proteose  of  Wheat.    Am.  Chem.  Jour.,  XIX,  No.  3. 

Proteids  of  Rye.    Jour.  Am.  Chem.  Soc.,  17,  429. 

Proteids  of  Baiiey.    Jour.  Am.  Chem.  Soc.,  17,  539. 

Amounts  and  Properties  of  the  Proteids  of  Maize.  Jour.  Am.  Chem.  Soc.,  19,  525 

Osborne,  T.  B.,  and  Caufbell,  G.  F.    Protmds  of  the  Potato.    Jour.  Am.  Chem 

Soc.,  18,  S7S- 

Proteids  of  the  Pea,    Jour.  Am.  Chem.  Soc.,  18,  583,  and  30,  348. 

OsBORNZ,T.  B.,and  VooRHEEs,  C.  L.    Protdds  of  Wheat    Jour.Am.  Chem.  Soc.,  16, 

Sa4- 
Osborne,  T,  B.,  and  Vooshees,  C.  G.    Proteids  of  the  Wheat  KemeL    Am.  Chem. 

Jour.,  XV,  No.  6. 
ScmuPER,  A.  F.  W.    Aaleitung  z.  mikro^.  Unters.  der  Nahrungs-  und  Genussmittel. 

Jena,  1886. 
Sheruan,  H.  C.    Carbohydrates  of  Wheat.    Jour.  Am.  Chem.  Soc.,  r9, 1897,  page  391. 
Skinneb,  R.  p.    Manufacture  of  Semolina  and  Macaroni.     Bur.  of  Plant,  Ind.  Bui.  20. 
Snyder,  H.    Digestibility  ajid  Nutritive  Value  of  Bread.    Exp.  Sta.  Bui.  116. 
Snyder,  Frisbv,  and  Bryant.    Losses  in  Boiling  Vegetables.    Exp.  Sta.  Bui.  43. 
Snyder,  H.,  and  Voorhees,  M.  A.     Studies  on  Bread  and  Bread-Making.     Exp.  Sta. 

Bui.  67. 
Stone,  W.  E.     Carbohydrates  of  Wheat,  Maize,  Flour,  and  Bread.    Action  of  Enz^-mes 

on  Starches.     Exp.  Sta.  Bui.  34. 
TscHiRCH,  A.,  und  Oesterle,  O.     Anatomischer  Atlas  der  Pharmakognosie  und 

Nahrungsmittelkunde.    Leipzig,  1893. 
VoCL,  A.  E.    Vcrfalschungen  und  Verunreinigungen  des  Mehles  und  deren  Nach- 

weisung.    Wien,  1880. 
Die  wichtigsten  vegetabilischea  Nahrungs-  und  Genussmittel.     Wien  u.  Leipug, 

1899. 
Wanklyn,  J.  A.,  and  Cooper,  W.  J.     Bread  Analy^s.     London,  1 


CEREALS,  LEGUMES,  VEGETABLES,  AND  FRUITS.  ^7  5 

Maine  Exp.  Station  Bui.    54.    Nuts  as  Food. 

^  "      "  "         "      55.    Cereal  Breakfast  Foods. 

"      "  "         "      75.    Analyses  of  Self-raising  Flouis,  Pea  Flouis,  Gluten 

Foods,  Chestnuts,  Malted  Nuts. 
"      "  "         "      84.    Cereal  Breakfast  Foods. 

Minnesota  Exp.  Station  Bui.  74.    Digestibility  and  Food  Value  of  Beans. 
Penn.  Dept.  of  Agriculture  Bui.  10.     Special  Report  on  Prepared  Foods  for  Infants 

and  Invalids. 
Wyoming  Exp.  Sta.  Bui.  ^^.     Composition  of  Prepared  Cereal  Foods. 

REFERENCES  ON  LEAVENING  MATERIALS. 

Catlin,  Chas.  a.     Baking  Powders,  with  Special  Reference  to  Phosphate  Powders. 

Providence,  1899. 
Crampton,  C.  a.     Baking  Powders.     Div.  of  Chem.  Bui.  13,  Pt.  5. 
Green,  J.  R.     Die  Enzyme.     Berlin. 

The  Soluble  Fenne-^ts  and  Fermentation.     1901. 

Hansen,  E.  C.     Practical  Studies  in  Fermentation.     London,  1896. 
JORGENSEN,  A.     Die  Mikro-organismen  der  Garungsindustrie.     Berlin. 

Micro-organisms  and  Fermentation.     London,  1900. 

KiocKER,  A.     Fermentation  Organisms.     1903. 

Lindner,  P.    Mikroskopische  BetriebskontroUe  in  den  Garungsgewerben.    Berlin,  1895, 

McGell,  a.     Baking  Powders.     Canada  Inl.  Rev.  Dept.  Buls.  10,  26,  68. 

Cream  of  Tartar.     Canada  Inl.  Rev.  Dept.  Bub.  12,  26,  71. 

Matthews,  Chas.  G.    Manual  of  Alcoholic  Fermentation.    London,  1901. 
Oppenheimer,  C.    Trans,  by  Mitchell,  C.  A.    Ferments  and  their  Action.    London, 

1901. 
Plummer,  R.  H.  a.    Chemical  Changes  and  Products  Resulting  from  Fermentation* 

London,  1903. 
WiNTON,  A.  L.     Baking  Powders.     Bur.  of  Chem.  Bui.  65,  Part  XV. 

Conn.  Exp.  Sta.  An.  Rep.,  1900,  page  15. 

Michigan  Dair)'  and  Food  Commission,  Bui.  2,  page  12;  Bui.  3,  page  7. 

Penn.  Board  of  Agriculture  An  Report,  1897,  page  166. 

North  Carolina  Exp.  Sta.  Bui.  155. 


CHAPTER  X. 
TEA,  COFFEE,  AND  COCOA. 


nature  and  ClaBsification. — Tea  consists  of  the  prepared  leaves  or 
leaf  buds  of  a  plant  belonging  to  the  genus  Thea,  the  Thea  chinensis  being 
the  specific  variety  generally  employed. 

The  best  teas  are  made  from  young  leaves  only,  the  Chinese  teas 
being  classified  with  reference  to  the  age  and  position  of  the  leaf  on  the 
young  shoot.  Thus,  the  very  choicest  Chinese  tea,  rarely  found  outside 
of  China,  is  prepared  from  the  youngest  or  end  leaves  of  the  shoot,  which 
arc  scarcely  more  than  buds,  and  form  the  tea  known  as  pekoe  lip,  or 
fiowery  pekoe.  The  next  leaves  are  the  orange  pekoe  and  pekoe,  which 
produce  a  very  high  grade  of  tea,  while  next  in  order  as  to  age,  size,  and 
grade  of  leaf  are  the  souchong  rst  and  3d,  and  the  congou,  producing 
teas  called  by  the  same  names. 

More  than  50%  of  the  lea  consumed  in  the  United  States  comes  from 
China,  and  over  40%  from  Japan,  the  remainder  being  derived  largely 
from  India,  Ceylon,  and  other  East  Indian  ports. 

In  the  manufacture  of  tea  the  fresh  leaves,  which  are  nearly  80%  water, 
are  rolled,  withered  by  exposure  to  light,  heal,  and  air,  and  finally  dried 
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Composition  of  Tea. — Konig  gives  the  following  composition  of  fully 
developed  tea  leaves,  being  the  mean  of  50  to  70  analyses: 


„         i  Nitrog.- 
Water.  nouiSub- 

Theine. 

EuentUl 
OiL 

F.l.Chio- 

Gum. 

Tmnin. 

Pectin. 

fel- 

... 

9-5'  1     »4.50       3-58 

O.M 

6.39  j  6.44 

15.63         16,01 

...58 

5-65 

Though  the  nitrogenous  substances  of  tea  predominate  in  amount 
■er  any  other  class  of  constituents,  yet,  with  the  exception  of  theine  or 


Fic.  66.—^,  Fifiwcry  Prkor;  h,  OranHe  Pekoe;  c.  Pekoe;  d,  Souchong,  ist;  r,  SnurhonR,  3d; 
/.  ConRoa;  a.  b  (when  mixtd  Wurlhcrl,  Pekoe;  <i,  h.  c,  d,  <■  (when  mi.\erl  together),  Pekoe 
SouchoOR.  H  there  lie  another  leaf  In-low  /,  it  is  termed  Ii<ihea.  .\t  buise  of  leaves 
are  buds  i,   7.  3,  4,  from  whieh  new  shoots  spring.      (After  Money.) 

caffeine,  ihcy  h;tve  hfcn   litllo   studied.     Theine,   tannin,   and   essential 
oil  give  to  the  infusion  of  tea  its  chief  characteristics, 

Zollinski*  gives  the  following  summarized  results  of  analyses  of  a 
number  of  the  cheaper  grades  of  Chinese  black  tea: 


*  Zcits.  anal.  Chem.,  1898,  37,  365. 
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W»»ff. 

ToUl 

Nitrogen 

uidud 
Amido- 

Protein. 

NX  6.1$. 

r^. 

^. 

Soluble 
Ash. 

In»lubla 

Maximum 

Minimum.... 
AvcragE 

II. 57 

3^76 
3-93 

3-78 
3-37 
3-S» 

Ti 

i.o6 
I.I4 

.-ss 

6.78 
4-79 
S-94 

3'-i7 
28.13 
eg.  67 

61.03 
57-74 
59-75 

A  very  complete  series  of  analyses  of  tea  was  made  by  Joseph  F.  Gciss- 
ler  in  1884,*  from  which  the  following  summaries  are  taken: 


it 
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s8. 401 34 -35 
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Kenrick  f  gives  the  following  averages  of  a  series  of  analyses  of  tea 
made  by  him  in  1891 : 
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Total  ash 

Soluble  in  water 
Per  cent  soluble. 


Silica 

Chlorine 

Potash 

S(Kla , 

Ferric  oxide. ... 

Alumina , 

Manganic  oxide. 

Lime 

Magnesia 

Phosphoric  acid. 
Sulphuric  acid  . , 
Carbonic  acid.  . 


Oolong. 

Average  of  50 

Samples. 


COMPOSITION. 


6.04 

3-44 

57-00 


11.30 

1-53 

37-46 

1.40 

1.80 

5-13 
2.10 

9-43 
8.00 

12.27 

4.18 

5-40 


100.00 


5-55 
3.60 

64.55 


9-30 
1.60 

41.63 

1. 12 

1-12 

4.26 

1.30 

8.18 

5-33 
16.62 

3-64 
5-90 


100.00 


Spent 
Black  Tea. 


2.52 

0.28 
II. II 


27.75 
0.79 


16.00 

19.66 

11.20 

15.80 

1. 10 

6.70 


99.00 


Kozai  *  gives  the  following  as  the  results  of  analyses  made  by  him  of 
Japanese  teas : 


Caffeine  or  theine 

Ether  extract 

Hot-water  extract 

Tannin  (as  gallotannic  acid) 
Other  nitrogen-free  extract  . 

Crude  protein 

Crude  fiber 

Ash 

Albuminoid  nitrogen 

Caffeine  nitrogen 

Amido-nitrogen 

Total  nitrogen 


Unprepared 
Leaves. 


3.30 
6.49 

50.97 
12.91 

27.86 

37.33 
10.44 

4.97 
4. II 

0.96 

0.91 

5.97 


Green 

Tea. 


3.20 

5.52 
53.74 
10.64 

31-43 

37-43 
10.06 

4.92 
3-94 
0.93 
1-13 
5-99 


Black 
Tea. 


3- 
5- 

47- 
4- 

35. 

38- 


30 
82 

23 

89 

39 
90 

10.07 

4.93 
4. II 
0.96 
1. 16 
6.22 


PROXIMATE   COMPONENTS   AND   ANALYTICAL  METHODS. 

Moisture. — From  2  to  5  grams  are  heated  on  a  watch-glass  or  platinunr 
dish  at  100°  in  the  air-oven  to  a  constant  weight  (usually  about  three 
hours),  calculating  the  moisture  from  the  loss  in  weight. 

Total  Ash. — A  weighed  portion  of  the  sample  (that  used  for  obtaining 

the  moisture  may  be  conveniently  employed)  is  burnt  to  a  white  ash  in  a 

■  — — —  -k 

♦  Bui.  7,  Imperial  College  of  Agriculture,  Japan. 
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platinum  dish  at  a  low  red  heat,  and  the  residue  cooled  and  weighed. 
The  total  ash  of  pure  tea  should  not  be  less  than  4  nor  more  than  8  per 
cent,* 

Soluble  and  Insoluble  Ash.— The  total  a#h,  as  obtained  above,  b 
transferred  to  a  beaker  with  hot  water  and  boiled  for  some  time,  after 
which  it  is  poured  upon  a  filter  and  the  residue  washed  with  hot  water 
till  all  the  soluble  matter  is  extracted.  The  residue  is  then  dried,  ignited, 
cooled,  and  weighed,  thus  giving  the  amount  of  insoluble  ash.  The 
soluble  ash  is  calculated  by  difference  from  the  total  and  insoluble  ash. 
At  least  50%  of  the  total  ash  should  be  soluble  in  water,* 

Ash  Insoluble  in  Acid, — The  portion  of  the  ash  insoluble  in  water 
is  washed  upon  a  tared  filter  with  hot  10%  hydrochloric  acid  and  further 
Washed  with  the  latter  reagent  till  the  acid-soluble  matter  is  dissolved 
out,  after  which  it  is  washed  with  water,  dried,  and  weighed. 

Total  Nitrogen. — This  is  determined  by  the  Gunning  method  on 
I  to  2  grams  of  the  sample. 

Essential  Oils. — Distill  100  grams  of  the  tea  with  800  cc  of  water 
and  shake  out  the  distillate  with  several  portions  of  ether.  The  residue 
from  the  combined  ether  extracts  contains  the  volatile  oil. 

Ether  Extract  is  determined  by  the  regular  method  of  continuous 
extraction,  using  dry  alcohol-free  ether  or  petroleum  ether  on  2  to  5 
grams  of  the  dried  sample. 

Crude  Fiber  is  determined  as  on  page  218  in  the  residue  from  the 
ether  extract.  ^ 

Theine  or  Caffeine  (CgH,„N(Oj). — This  alkaloid  when  pure  exists 
in  white  silky  needles.  It  is  odorless  and  sparingly  soluble  in  cold  water, 
but  more  so  in  hot.  It  is  less  soluble  in  alcohol,  and  almost  insoluble  in 
rcadilv  dissolves  in  chloroform.     It  is  prcscnl  in  lea.  cufFcc 
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if  caffeine  is  present,  a  reddish-yellow  or  pink  color  is  produced.  After 
cooling,  the  residue  is  treated  with  a  very  little  ammonia  water  applied 
on  the  point  of  a  stirring- rod.  In  the  presence  of  caffeine,  a  purple  color 
(that  of  murexoin)  is  produced  on  application  of  the  ammonia. 

Determination  of  Theine  or  Caffeine. — Modificaiion  0}  SiahlschmidCs 
Method, — Six  grams  of  finely  powdered  tea  are  boiled  in  a  flask  with  several 
successive  portions  of  water  for  ten  minutes  each,  and  the  combined  aqueous 
extracts  thus  obtained  are  made  up  to  600  cc.  with  water.  Four  grams 
of  powdered  lead  acetate  are  added  to  the  decoction,  which  is  then  boiled 
for  ten  minutes,  using  a  reflux  condenser,  or  making  up  the  loss  by  occa- 
sional addition  of  water.  The  solution  is  then  poured  upon  a  dry  filter, 
and  500  cc.  of  the  filtrate,  corresponding  to  5  grams  of  the  tea,  are  evapo- 
rated to  about  50  cc.  and  enough  sodium  phosphate  added  to  precipitate 
the  remaining  lead.  The  solution  is  then  filtered,  and  the  precipitate 
thoroughly  washed,  the  filtrate  and  washings  being  evaporated  to  about 
40  cc.  Finally,  the  solution  thus  concentrated  is  extracted  repeatedly 
with  chloroform  in  a  separatory  funnel  for  at  least  four  times,  and  the 
chloroform  extract  evaporated  to  dryness,  leaving  the  caffeine,  which 
is  dried  to  constant  weight  at  75°  and  weighed. 

Determination  of  Tannin. — Procures  Modification  of  LowentJtaVs 
Method,^ 

Reagents',    (i)  Potassium    permanganate    solution    containing    about 

1.33  grams  per  liter. 

(2)  Tenth-normal  oxalic  acid  solution  (6.3  grams  per  liter). 

(3)  Indigo  carmine   solution,  containing   6  grams    indigo 

carmine  (free  from  indigo  blue)  and  50  cc.  concen- 
trated sulphuric  acid  per  liter. 

(4)  Gelatin  solution,  prepared  by  soaking  25  grams  gela- 

tin for  an  hour  in  a  saturated  sodium  chloride  solu- 
tion, heating  till  the  gelatin  is  dissolved,  and  mak- 
ing up  to  a  liter  after  cooling. 

(5)  Mixture  of  975  cc.  saturated  sodium  chloride  solution 

and  25  cc.  concentrated  sulphuric  acid. 

(6)  Powdered  kaolin. 

Obtain  the  value  of  the  {X)tassium  permanganate  solution  in  terms 
of  the  tenth-normal  oxalic  acid  solution. 


♦  U.  S.  Dcj)t.  of  Agric,  Div.  ot  Chcm.,  Bui.  13,  part  7,  p.  890. 
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Boil  5  grams  of  the  powdered  tea  for  half  an  hour  with  400  cc.  of  water, 
cool,  transfer  to  a  graduated  500-cc.  flask,  and  make  up  to  the  mark. 
To  10  cc.  of  the  infusion  (filtered  if  not  clear)  add  25  cc.  of  the  indigo 
carmine  solution  and  about  750  cc.  of  water.  Then  add  from  a  burette 
the  potassium  permanganate  solution,  a  little  at  a  time  while  stirring, 
till  the  color  becomes  light  green,  then  cautiously  drop  by  drop  till  the 
color  changes  to  bright  yellow,*  or  further  to  a  faint  pink  at  the  rim. 
The  volume  in  cubic  centimeters  of  permanganate  furnishes  value  a  of 
the  formula. 

Mix  100  cc.  of  the  clear  infusion  of  tea  with  50  cc.  of  gelatin  solution, 
100  cc.  of  salt  acid  solution,  and  10  grams  of  kaolin,  and  shake  several 
minutes  in  a  corked  flask.  After  settling,  decant  first  the  clear  super- 
natant liquid  through  a  filter,  and  finally  bring  the  precipitate  upon  the 
filter.  Mix  25  cc.  of  the  filtrate  (corresponding  to  10  cc.  of  the  ordinal 
infusion)  with  25  cc.  of  the  indigo  carmine  solution,  and  about  750  cc. 
of  water,  and  titrate  with  permanganate  as  before.  The  volume  in  cubii 
centimeters  of  permar^anate  used  gives  value  b, 

o=quantity  of  permanganate  solution  required  to  oxidize  all  oxidiz- 
able  substances  present. 

6=quantity  of  permanganate  solution  required  to  oxidize  substances 
other  than  tannin. 

.-,  a~b  =  c,  permanganate  required  for  the  tannin.  Assuming  that 
0.04157  gram  tannin  (gallotannic  acid)  is  equivalent  to  0.063  gram  oxalic 
acid,  the  tannin  in  the  tea  is  readily  calculated. 

Method  oj  Fletcher  and  AUen.'f — ^This  method  depends  upon  the  pre- 
cipitation of  the  tannin  and  other  astringent  matters  in  tea  infusion  by 
lead  acetate,  the  point  of  complete  precipitation  being  indicated  by  an 
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solution,  as  above  prepared,  are  measured  into  as  many  beakers,  and  each 
diluted  to  100  cc.  with  boiling  water.  Two  grams  of  powdered  tea  are 
boiled  in  250  cc.  of  water,  and  varying  quantities  of  this  decoction  are 
measured  from  a  burette  or  pipette  into  the  beakers  containing  the  lead 
solution,  the  first  beaker  receiving,  say,  12  cc,  the  second  15  cc,  and 
*  the  third  18  cc,  in  the  case  of  black  tea,  and,  with  green  tea,  8,  10,  and 
12  cc,  respectively. 

About  I  cc.  of  each  of  these  trial  quantities  is  removed  from  the 
various  beakers  by  means  of  a  pipette,  passed  through  small  filters,  and 
tested  with  the  ammoniacal  ferricyanide  indicator,  the  drops  of  filtered 
solution  being  allowed  to  fall  directly  on  spots  of  the  indicator,  previously 
placed  on  a  white  slab  or  plate. 

It  is  thus  easy  to  ascertain  the  approximate  amount  of  tea  solution 
which  it  is  necessary  to  add  to  produce  a  pink  coloration  with  the  indi- 
cator, so  that  by  repeated  tests,  nearly  the  right  amount  may  be  added 
at  once.  If  no  coloration  in  a  given  case  is  produced  when  a  drop  of 
the  filtrate  from  the  solution  in  the  beaker  is  allowed  to  fall  on  the  drop 
of  indicator  solution,  a  little  more  of  the  tea  decoction  is  added,  and  this 
process  is  repeated  until  the  pink  color  is  apparent. 

It  should  be  noted  how  much  of  the  tea  decoction  is  necessary  to  add 
to  100  cc  of  pure  water,  that  a  drop  of  the  solution  may  produce  the  pink 
coloration  with  the  ferricyanide,  and  this  amount  should  be  subtracted 
from  the  amount  of  decoction  found  necessary  to  add  to  the  known  lead 
solution  in  the  beaker.  It  was  found  by  repeated  experiment  that  10  cc 
of  lead  solution  would  precipitate  o.oi  gram  of  pure  gallotannic  acid; 
hence,  carrying  out  the  process  exactly  as  above  described,  125  divided 
by  the  number  of  cubic  centimeters  of  tea  decoction  required  gives  the 
percentage  of  tannin  in  the  sample.* 

Extract. — By  this  term  is  meant  the  total  amount  of  water-soluble 
matter  in  tea,  including  such  compounds  as  tannin,  caffeine,  albuminous 
matter,  dextrin,  gum,  certain  parts  of  the  ash,  etc 

The  value  of  a  tea  from  a  food  standpoint  depends  obviously  upon 
the  character  and  amount  of  the  extract,  rather  than  on  the  composition 
of  thedr)'  tea.  The  relative  composition  of  the  extract  and  of  the  insoluble 
leaves,  as  found  by  Edcr,  is  given  in  the  table  on  page  284. 

Determination. — Extract  successively  2  grams  of  the  finely  powdered 
tea  with  seven  portions  of  boiling  water,  containing  50  cc.  each,  decant- 
ing the  extract   each  time,  and  uniting  the  various  portions  into  one. 

*  This  process  estimates  the  total  astringent  matter,  all  of  which  is  counted  in  as  tannin. 
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Extract. 

loMluble 
Lmv«. 

Diy  matter 

P.rC«i 
40. 

Per  Cot. 
60. 
II. 7 

7-8 

::;t 

Silica. 

After  boiling  the  total  extract,  it  is  passed  through  a  tared  filter,  after 
which  the  insoluble  residue  is  transferred  to  the  filter  and  washed  with 
boiling  water.  The  filtrate  and  washings  are  made  up  to  a  noted  volume, 
and  an  aliquot  part  \s  evaporated  to  dryness  in  a  tared  platinum  dbh 
to  a  constant  weight. 

Insoluble  Leaf.— The  tared  filter  with  the  washed  residue  from  the 
extract,  as  al>ove  obtained,  is  dried  in  an  air-oven  at  110°  and  weighe;!. 
If  the  amount  of  insoluble  leaf  is  above  60%,  the  presence  of  spent  or 
exhausted  leaves  may  be  suspected. 


ADULTERATION   OF   TEA. 

Facing. — The  most  common  form  of  lea  adulteration,  if  such  it  may 
be  called,  is  the  practice  of  "  facing"  the  dried  Ifaves,  or  treating  them 
with  certain  pigments  and  coloring  materials  to  impart  a  bright  color 

gloss  to  the  tea,  thus  causing  an  inferior  grade  lo  appear  of  belter 
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mixture  is  then  added  while  still  hot,  and  the  whole  is  stirred  briskly  till 
the  desired  color  is  imparted.  The  Chinese  and  Japanese  do  not  face 
the  tea  which  they  themselves  consume,  but  only  that  intended  for  export 
trade. 

The  microscope  furnishes  the  most  ready  means  of  detecting  tur- 
meric and  plumbago.  The  latter  is  detected  by  the  bright  glossy  parti- 
cles, evident  when  a  thin  section  of  the  tea  leaf  is  examined  under  the 
microscope. 

Prussian  blue  and  indigo  arc  also  evident  by  the  microscopical  appear- 
ance of  the  particles,  detached  by  shaking  the  leaves  in  water.  Prussian 
blue  or  ferric  ferrocyanide  is  detected  by  the  transparent  bright-blue 
particles,  while  indigo,  when  viewed  under  the  microscope,  is  more  of 
a  greenish  blue.  The  detached  particles  of  coloring  matter  often  rise  to 
the  surface  of  the  liquid,  when  the  leaves  arc  shaken  in  hot  water,  and 
f:)r  microscopical  examination  may  be  floated  upon  a  glass  slide.  The 
color  of  Prussian  blue  is  discharged  by  treatment  with  sodium  hydroxide, 
while  that  of  indigo  is  not.  Prussian  blue,  if  present,  may  be  chemically 
detected  in  the  sediment  as  above  obtained,  by  dissolving  in  hot  alkali, 
acidifying  with  hydrochloric  acid,  and  then  adding  a  drop  of  ferric  chloride. 
A  blue  precipitate  is  indicative  of  the  ferric  ferrocyanide. 

Such  minerals  as  gypsum  and  soapstone  are  readily  separated  as  a 
sediment  by  shaking  the  leaves  in  water,  and  the  sediment  is  examined 
by  the  appropriate  qualitative  methods  for  these  substances. 

Spent  or  Exhausted  Leaves. — ^These  consist  of  leaves  of  tea  that  have 
been  previously  steeped  or  infused,  and  afterwards  rerolled  and  dried. 
Such  leaves  are  sometimes  mixed  with  tea  as  an  adulterant.  Any  con- 
siderable admixture  of  spent  leaves  is  evident,  both  by  the  extremely  low 
ash,  and  the  abnormally  small  proportion  of  water-soluble  ash  in  the 
sample.  It  is  rare  that  the  total  ash  of  genuine  tea  is  under  5%,  while 
the  soluble  ash  is  seldom  less  than  3%. 

The  ash  of  spent  tea  leaves  sometimes  runs  as  low  as  2.5%,  of  which 
generally  not  more  than  0.3  to  0.8  per  cent  is  soluble.  Spent  leaves  are 
also  naturally  low  in  tannin  and  in  extract. 

If  the  extract  is  much  below  32%,  spent  leaves  may  be  suspected. 
Allen  has  suggested  the  following  formula  for  determining  the  percent- 
age of  spent  leaves,  £,  in  a  sample  of  tea,  R  being  the  percentage  of 
extract : 

^      (32~Jg)lOO 

30 
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The  use  of  spent  or  exhausted  leaves  as  an  adulterant  is  very  rare 
at  present,  though  formerly  of  common  occurrence. 

Foreign  Leaves  as  a  Substitute  for  Tea. — Thb  sophistication  is  not 
common,  but  the  detection  of  leaves  other  than  tea  is  readily  accom- 
plished by  a  careful  examination  of  the  shape  and  character  of  the  leaves. 
For  this  purpose  the  dried  leaves  are  opened  out  by  soaking  a  short  time 
in  hot  water,  after  which  they  are  spread  upon  a  glass  plate,  and  examined 
by  the  aid  of  a  magnifying-glass. 

The  genuine  tea  leaf  (Fig.  67)  b  very  characteristic,  and  is  readily 
distinguished  from  other  leaves.  It  is  oval  or  lanceolate,  5  to  8  cm.  long 
and  2  to  3  cm.  wide.  It  is  short-stemmed, 
somewhat  thick  and  fieshy,  attenuated  at  thu 
bottom  and  usually  pointed  at  the  top.  Al  a 
certain  height  from  the  base,  from  a  third'  to 
a  quarter  up,  the  smooth  or  wavy  bordt-r  be- 
comes peculiarly,  though  not  deeply,  serrated  in 
a  regular  manner,  the  serrations,  which  arc 
hook-shaped,  continuiLg  to  the  tip  of  the  leaf. 
Mature  leaves  always  show  these  serrations, 
but  they  arc  somewhat  obscure  in  young  leaf 
buds.  The  latter,  however,  are  rarely  found 
in  this  country.  The  veins  extend  outward 
from  the  central  rib  nearly  parallel  to  each 
other,  but  before  reaching  the  border,  each 
bends  upward  lo  form  a  loop  with  the  one 
above. 

Foreign  leaves,  said  lo  be  used  as  aduller- 
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The  ash  of  such  **tea"  has  been  found  as  high  as  50%.  Such  imita- 
tions are  now  abnost  unknown.  Make-weight  substances,  such  as  brick- 
dust,  iron  salts,  metallic  iron,  sand,  etc.,  have  been  foimd  in  tea.  If 
present,  they  are  to  be  found  in  the  sediment,  obtained  on  shaking  out 
the  tea  in  water. 

Added  Astringents. — Catechu  is  sometimes  said  to  be  added  to  tea 
to  give  it  increased  astringency,  especially  to  such  tea  as  has  been  adulter- 
ated by  the  addition  of  exhausted  tea.  Hagar's  method  for  detecting 
catechu  is  as  follows: 

A  hot-water  extract  of  the  tea  (i  to  ico)  is  boiled  with  an  excess  of 
litharge  and  filtered.  To  a  part  of  the  filtrate,  which  should  be  perfectly 
clear,  nitrate  of  silver  is  added.  If  catechu  be  present,  a  yellow  floc- 
culcnt  precipitate,  rapidly  becoming  dark-colored,  is  formed.  Pure  tea 
treated  in  like  manner  gives  a  gray  precipitate. 

Spencer*  adds,  instead  of  silver  nitrate,  a  drop  of  ferric  chloride  to 
the  clear  filtrate.    With  catechu  a  green  precipitate  is  formed. 

As  a  matter  of  fact  the  worst  forms  of  tea  adulteration,  such  as  the 
actual  substitution  of  foreign  leaves,  once  so  commonly  practiced,  are 
now  extremely  rare  in  this  country  and  have  been  for  some  years,  by  reason 
of  the  careful  system  of  government  inspection  in  force  at  the  various 
ports  of  entry.  The  greater  portion  of  the  tea  on  our  market  to-day  is 
genuine,  but  fraud  is  practiced  to  c,  considerable  extent  by  the  substitu- 
tion of  inferior  grades  for  thos^  of  good  quality.  This  form  of  deception 
is  in  many  cases  beyond  the  power  of  the  analyst  to  detect,  and  properly 
comes  within  the  realm  of  the  professional  tea-taster. 

Tea  Tablets. — Finely  ground  tea  of  varj^ing  quality  is  sometimes 
pressed  into  tablets,  to  be  used  by  travelers  and  campers  for  preparing 
a  beverage,  by  simply  dissolving  in  hot  water. 

The  composition  of  one  of  these  preparations  sold  under  the  name 
of  Samovar  Tea  Tablets,  analyzed  by  the  Mass.  State  Board  of  Health, 
is  as  follows: 

Water 8.7 

Theine 2.25 

Extract 54.4 

Ash 5.4 

Soluble  ash 2.8 

Insoluble  ash 2.6 

*  U.  S.  Dept.  of  Agric,  Div.  of  Chcm.,  Bui.  13,  p.  88$. 
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Microscopical  Structure  of  Tea. — The  powdered  tea  may  be  examined 
directly  in  water-mount.  Schimper  recommends  treating  the  powdered 
tea  with  chloral  hydrate  or  potash  lye,  to  render  it  more  transparent. 

By  far  the  most  characteristic  element  is  the  peculiarly  shaped 
sclerenchyma.orstonecell.s/,  Fig.  68,  entirely  unlike  anything  to  be  found 
in  other  leaves.  These  cells  are  very  irregular  in  form,  being  sometimes 
star-shaped,  sometimes  branched,  almost  always  with  deeply  wrinkled  sides, 


Flo.  68. — Powdered  Tea  under  the  Microscope,  Xifo-  g,  end  of  leaf  nerve;  p,  ch]aR>> 
phyll  parenchymai  st,  stone  cells;  h,  hairs.  The  tissues  were  warmed  in  potash  to 
render  transparent.     (After  Mocllcr.) 

and  often  with  sharp  points.  In  most  foreign  leaves  such  sclerenchyma 
cells  are  lacking,  but  they  are  abundant  in  all  genuine  tea  leaves,  excepting 
rarely  in  the  very  young  leaves,  where  they  are  sometimes  not  fully  devel- 
oped. They  arc  especially  numerous  in  the  main  vein  and  in  the  stem. 
They  may  be  seen  to  best  advantage  in  a  section  of  the  stem,  or  midrib, 
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COFFEE. 

Nature  of  Coffee. — Coffee  is  the  seed  of  the  Cojjea  arabica,  a  tree 
which,  when  under  cuUivation,  is  not  allowed  to  exceed  twelve  feet  in 
height,  but  when  wild  sometimes  reaches  a  height  of  twenty  feet.  It  is 
indigenous  in  Southern  Abyssinia,  and  was  cultivated  in  Arabia  in  the 
sixteenth  century,  and  in  the  East  Indies  in  the  seventeenth,  afterward 
being  introduced  into  the  West  Indies  and  South  America.  The  coffee- 
beans  are  usually  inclosed  in  pairs  in  the  berry,  being  plano-convex  with 
their  flat  sides  together. 

When  the  ripe  fruit  is  gathered,  it  is  first  dried  and  then  freed  from 
the  hulls,  usually  by  machiner\',  or,  in  the  West  Indies,  the  green  berries 
are  *' pulped''  or  *^ hulled''  under  water  by  a  peculiar  macerating  machine. 
The  raw  beans  are  roasted,  and  afterwards  ground  for  preparing  the 
infusion. 

Brazil  furnishes  more  than  half  the  world's  supply  of  coffee,  and 
nearly  75%  of  that  consumed  in  the  United  States. 

Composition  of  Coffee. — Most  of  the  coffee  in  the  retail  market  is 
roasted,  being  sold  either  in  the  whole  bean  or  ground.  Comparatively 
little  raw  coffee  is  sold  at  retail. 

The  constituents  of  raw  coffee,  besides  water,  are,  in  the  order  of  their 
comparative  amounts,  cellulose  or  crude  fiber,  fat,  protein,  caffetannic 
acid,  sugar,  caffein,  gum,  dextrin,  and  ash.  The  effect  of  roasting  coffee, 
besides  driving  off  most  of  the  water,  is  to  caramelize  a  large  part  of  the 
sugar,  to  make  the  bean  less  tough  and  more  brittle,  and,  most  important 
of  all,  to  develop  an  cmpyrcumatic,  oily  substance,  known  as  cafjcol 
(CgHioOj),  to  which  the  characteristic  flavor  and  aroma  of  coffee  are 
largely  due.  Caffcol  may  be  obtained  by  distilling  an  infusion  of  roasted 
coffee,  and  extracting  the  distillate  with  ether.  It  is  a  brown  oil,  almost 
insoluble  in  water. 

According  to  Gcnin,  there  are  in  raw  coffee  small  amounts  of  two 
essential  oils,  one  soluble  in  water,  the  other  insoluble.  During  the 
roasting,   these   are   partially   transformed   into   the  substance   caffeol. 

The  fat  in  cotTee  forms  a  considerable  constituent,  amounting  in 
some  cases  to  15%. 

Caffetannic  Acid  (CisHigOg)  is,  when  pure,  a  colorless,  crystalline 
compound.  It  exists  in  coffee  either  as  a  salt  of  calcium  or  magnesium, 
or,  according  to  Payen,  as  a  caffetannate  of  potassium  and  caffeine. 
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The  following  summary  of  analyses  of  coffee  of  various  kinds  made  by 
Konig  show  in  general  its  composition: 


Routed  Coffee. 


Water 

Caffeine 

Fat 

Reducing  sugar. 

CeUulose 

Total  nitrogen.  . 


The  change  in  composition  that  takes  place  in  roasting  coffee  is  well 
shown  by  the  following  figures,  which  give  the  mean  of  analyses  by  Kdnjg 
of  four  samples  of  coffee  before  and  after  roasting: 


Routed  CoB«. 


Sugar 

Celluiosc 

Nitrogenous  substances 

Other  non-nitrogenous  matter. . 
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Moisture 

Caffeine 

Saccharine  matter 

Caffeic  acid 

Alcoholic  extract 

Fat  and  oil 

Legumin  and  albumin 

Dextrin 

Cellulose  and  insoluble  coloring  matter 
Ash 


Mocha  Coffee. 


Raw. 


8.98 
1.08 

9-55 
8.46 

6.90 

12.60 

9.87 

.87 

37-95 
3-74 


Roasted. 


0.63 
.82 

•43 

4.74 

14.14 

13-59 
11.23 

1.24 

48.62 

4.56 


East  Indian  Coffee. 


Raw. 


9.64 
I. II 
8.90 

9-58 

4.31 
II. 81 

11.23 

.84 
38.60 

3-98 


Roasted. 


I-I3 
1.05 

.41 

4.52 
12.67 

13-41 

1.38 

47.42 

4.88 


Methods  of  Analysis. — Moisture  and  ash,  both  soluble  and  insoluble, 
as  well  as  cajjeine  and  total  nitrogetiy  are  estimated  as  in  the  case  of 
tea  (q.v.). 

Fat. — ^Two  grams  of  the  finely  powdered,  dried  sample  are  extracted 
in  a  Soxhlet  apparatus  with  dry,  alcohol-free  ether  or  petroleum  ether, 
till  the  soluble  portion  is  removed,  after  which  the  ether  is  distilled  off 
from  the  residue,  and  the  latter  is  Weighed.  This  residue  consists  of 
both  fat  and  caffeine.  The  latter  is  estimated  in  the  residue  and  deducted 
from  the  total  weight. 

Crude  Fiber. — ^This  is  determined  by  subjecting  the  residue  from  the 
ether  extract  to  the  regular  process  for  crude  fiber  (p.  218). 

Caffetannic  Acid. — Krug^s  Method,^ — 2  grams  of  the  coffee  are  di- 
gested for  thirty-six  hours  with  10  cc.  of  water,  after  which  25  cc.  of 
90%  alcohol  are  added,  and  the  digestion  continued  for  twenty-four 
hours  more.  The  liquid  is  then  filtered,  and  the  residue  washed  with 
90%   alcohol  on   the   filter. 

The  fihratc,  which  contains  tannin,  caffeine,  fat,  etc.,  is  heated  to  boil- 
ing, and  a  boiling  concentrated  solution  of  acetate  of  lead  is  added, 
which  precipitates  out  a  caffetannate  of  lead,  Pb3(Cj5H,5082),  containing 
49%  of  lead.  When  this  has  become  flocculent,  it  is  separated  by  filtra- 
tion, and  washed  on  the  filler  with  90%  alcohol,  till  the  washings  show 
no  lead  with  ammonium  sulphide,  and  afterwards  with  ether,  till  free 
from  fat.     It  is  dried  at  100°  and  Weighed. 

Wt.  of  precipitate  X652 


Weight  of  caffetannic  acid  = 


1263.63 


♦  U.  S.  Dept.  of  Agric,  Div.  of  Chem.,  BuL  13,  p.  908. 
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ADULTEKATION  OF  COFFEE. 


The  Standard  for  pure  coffee  proposed  by  the  A.  O.  A.  C.  is  as  follows: 
Standard  roasted  coffee  should  contain  nol  less  than  io%  of  fat,  nor  more 
than  15%  of  carbohydrates;  ash  should  not  be  less  than  3%,  of  which 
at  least  75%  is  soluble  in  water. 

Whole  coffee  is,  as  a  rule,  rarely  adulterated  at  the  present  day, 
though  the  substitution  of  cheaper  or  inferior  brands  for  the  choicer  varie- 
ties is  a  common  practice.  Formerly,  ariificial  coffee-beans  containing 
no  coffee  whatever,  but  cleverly  molded  to  imitate  the  original,  were 
occasionally  to  be  found,  mixed  with  genuine,  whole  coffee.* 

"Coffee  pellets"  arc  occasionally  sold  in  bulk  to  dealers  as  an  adulter- 
ant of  whole  coffee.  These  do  not  closely  resemble  the  real  berries  in 
appearance,  but  arc  approximately  of  the  same  size,  and  are  not  apparent 
to  the  purchaser  when  the  whole  coffee  is  ground  at  the  time  of  purchase. 
A  sample  of  these  "[>cliets"  examined  recently  was  found  to  consist  of 
roasted  wheat  mash,  colored  with  red  ocher. 

Adulterants  to  be  met  with  in  ground  coffee  are  legion.  In-  Massa- 
chusetts the  following  have  been  found:  Roasted  peas,  beans,  wheat, 
ne,  oats,  chicory,  brown  bread,  pilot  bread,  charcoal,  red  slate,  bark, 
and  dried  pellets,  the  latter  consisting  of  ground  i>eas,  pea  hulls,  and 
cereals,  held  together  with  molasses. 

Methods  of  Detecting  Adulterants. — These  methods  are,  as  a  rule, 
physical  rather  than  chemical.  -A.  rough  test  of  the  genuineness  of  ground 
coffee  consists  in  shaking  some  of  the  sample  in  cold  water.  Pure  coffee, 
under  these  conditions,  usually  floats  on  the  surface,  while  the  ordinary 
adulterants,   such    as  cereals,    chicory,    mineral    ingredients,  etc.,   sink, 
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A  careful  examination  of  the  coarsely  crushed  grains  of  a  ground 
sample  with  the  naked  eye  will  often  serve  to  detect,  and  in  some  cases 
identify,  certain  adulterants,  such  as  chicory  and  groimd  peas  or  beans* 
A  magnifying-glass  will  aid  in  such  an  examination,  and  the  observer 
can  often  separate  the  various  ingredients  of  a  coffee  mixture,  first  spread- 
ing a  small  portion  of  the  sample  on  a  sheet  of  white  paper.  The  chicory 
grains  are  apparent  from  their  dark  and  somewhat  gummy  appearance, 
and  can  usually  be  recognized  by  crushing  them  between  the  teeth.  Their 
soft  consistency  and  bitter  taste  are  very  distinctive.  The  dull  surface 
of  the  outside  of  the  crushed  coffee  grains  is  in  marked  contrast  to  the 
polished  appearance  of  the  surface  of  the  broken  peas  or  beans,  often  to 
be  found  as  aduhcrants,  while  fragments  of  broken  cereal  grains  are 
readily  distinguished  from  coffee  with  a  low-power  magnifier,  though 
perhaps  not  easily  identified  by  the  eye  alone. 

Determination  of  Added  Starch. — Starch  is  determined  in  the  finely 
powdered  sample  as  directed  on  page  223. 

Microscopical  Examination  of  Coffee. — By  far  the  best  and  most 
trustworthy  means  for  the  analyst  to  employ  in  the  examination  of  coffee 
for  its  adulterants  is  furnished  by  the  microscope.  For  the  purposes 
of  microscopical  examination,  a  small  portion  of  the  sample  is  pulverized 
in  a  mortar  to  a  degree  fine  enough  to  allow  the  cover-glass  to  lie  flat  on 
the  wetted  sample,  yet  not  so  fine  that  it  ceases  to  feel  granular  when 
rubbed  between  the  fingers.  If  powdered  too  fine,  some  of  the  elements 
are  too  fragmentary  to  be  readily  recognizable.  The  writer  finds  it 
sufficient  to  examine  this  powder  in  water-mount  without  further  treat- 
ment. 

Schimper  recommends  maceration  for  twenty-four  hours  with  ammonia, 
in  order  to  render  the  tissues  more  transparent,  using  this  reagent  also 
as  a  mountant.  In  general  the  interior  of  the  coft'ee  tissue  or  endosperm 
consists  of  irregular  polygonal  parenchyma  cells,  (1),  Fig.  69,  sometimes 
with  4  and  sometimes  with  5  sides. 

To  a  large  extent  the  cells  are  in  fragments,  but  are  easily  recognizable. 
They  contain  brilliant,  colorless,  spherical  oil  drops,  and  also  albumiii. 
The  cell  walls  are  frecjuently  sinuous  with  irregular  projections. 

The  seed  coat  is  also  very  characteristic,  showing  in  the  powder  as 
occasional  delicate  silver-like  patches,  with  peculiar,  spindle-shaped, 
thick-sided  cells,  some  of  which  are  loosened  from  the  tissue. 

Plates  XIV  and  XV  illustrate  photomicrographs  of  pure  and  adulter- 
ated coffee.     Fig.  174  shows  genuine  coffee,  with  its  loose  mesh  of  irreg- 
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ularly  pentagonal  cells,  thick- walled,  and  inclosing  oil  drops  with  amorphous 
material.  It  is  not  to  be  expected  that  every  pulverized  sample  of  genuine 
coffee,  mounted  as  above,  will  show  in  every  microscopic  field  the  even, 
continuous  structure  that  Fig.  174  illustrates,  but  careful  examination  will 


Flo.  69. — Powdered    Coffee    under   the    Microscope.     X12S.     (After    Moeller.) 

coal  (surface).     3,  endosperm   parencbjraia. 
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by  means  of  which  the  latter  may  be  sometimes  distinguished  from  allied 
roots,  as  the  dandelion,  etc, 

Fig.  178,  PI.  XV,  is  a  photomicrograph  of  an  adulterated  sample  of 
coSee,  showing  in  this  particular  field  chicory  alone.    It  is  a  mass  of  con- 


>  70 — Gucory  Root  In  TangEntul  sod  Radial  Sections.  X160.  g,  reticulated  ducts 
with  perforations  911  hp  »ood  parenchyma;  I,  wood  fibers;  rp,  bark  parenchyma; 
tch,  milk  ducts     bp    bast   parenchyma;    m,   medullary  rays.     (After  Moeller.) 

fused  cellular  tissue,  traversed  by  two  broad  bands  of  the  sieve  ducts,  with 
their  striking,  transverse,  dotted  markings. 

Fig.  177,  PI.  XV,  shows  a  sample  of  coffee  adulterated  with  roasted 
peas  and  pea  hulls.  No  genuine  coffee  appears  in  this  field.  The  chief 
masses  in  the  center  are  characteristic  aggregations  of  the  round  starch 
granules  of  the  roasted  pea.  The  rectangular  billets,  like  bunches  of 
matches,  are  pea  hulls,  or  the  celb  composing  the  skin  of  the  pea. 

Fig.  164,  PI,  XI,  and  Fig.  154,  PI.  IX,  show  the  close  resemblance 
between  the  starches  of  the  pea  and  bean,  both  of  which  are  commonly 
used  in  coffee. 

The  "billets," or  palisade  structure  of  the  hulls  of  these  legumes  also 
bear  a  close  resemblance.  Moeller  has  shown  that  the  average  length 
of  the  pea  "billcis"  is  100  micromillimeters,  while  those  of  the  bean 
hulls  average  45. 

The  effect  of  roasting  on  starches  used  as  adulterants  of  coffee  is  to 
twist  and  distort  the  granules,  in  some  cases  destroying  largely  the  even 
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structure  of  the  raw  starch.  Starch  granules  of  wheat,  barley,  and  rye, 
for  example,  are  almost  perfect  circular  disks  in  the  case  of  the  raw  starch, 
while  in  the  roasted  product,  the  granules  are  twisted  and  distorted, 
sometimes  almost  forming  the  letter  "S." 

Ground  pilot  crackers  and  stale  breads  show  this  distorted  structure- 
Use  of  Chicory  in  Coffee. —  Chicory  is  a  perennial  herb  {Cicorium 
intybus)  of  the  same  family  {Composite)  as  the  dandelion.  The  roasted 
and  pulverized  chicory  root  is  so  much  used  in  ground  coffee  to  impart 
a  peculiar  flavor  thereto,  that  by  many  it  is  considered  as  not  stnctly 
an  adulterant.  The  taste  imparted  to  coffee  by  a  small  admixture  of 
pure  chicory  is  to  some  desirable,  but  if  its  unrestricted  use  is  sanctioned 
in  this  manner,  the  door  would  soon  be  opened  to  a  more  unlimited  form 
of  adulteration,  wherein  the  chicory  might  predominate.  It  is,  therefore, 
best  to  regard  chicory  as  an  adulterant,  and  to  require  the  package  con- 
taining a  mixture  of  cofiee  and  chicory,  if  sold  legally,  to  have  plainly 
printed  thereon  the  percentage  of  chicory  in  the  mixture. 

Chicory,  when  roasted,  consists  of  gum,  partly  caramelized  sugar, 
and  insoluble  vegetable  tissue. 

Villiers  and  Collin  *  give  the  following  analyses  of  two  samples  of 
chicory: 


w 


■r  do* 


>  ■03=).  . 


Weight  of  loial  matter  soluble  in  water,  , 

Kcducing  sugar 

Dextrin,  gum,  inutin. 9,63 

Albuminoids ,.  3-»3 

Mineral  mailer 2.58 

Coloring  rr    "" 
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of  the  latter  can  be  calculated  from  the  specific  gravity  of  a  io%  decoc- 
tion, using  conveniently  the  method  of  McGill.*  A  quantity  of  the  pul- 
verized sample,  corresponding  to  lo  grams  of  the  dry  substance,  is  weighed 
in  a  counterbalanced  flask,  and  water  added  till  the  weight  of  the  contents 
is  no  grams.  Fit  the  flask  with  a  reflux  condenser,  and  after  so  regulat- 
ing the  heat  that  boiling  begins  in  ten  to  fifteen  minutes,  continue  the 
boiling  for  an  hour.  Remove  the  flame,  and  after  fifteen  minutes  pass 
through  a  dry  fitter,  cool,  and  determine  the  specific  gravity  at  15°, 
McGili  found  the  average  specific  gravity  of  a  10%  decoction  as  above 
carried  out  to  be,  in  the  case  of  pure  coffee,  1.00986  and  in  the  case  of 
chicory  1.02821,  the  difference  being  0.01835. 

The  specific  gravity  of  the  10%  decoction  of  the  suspected  sample 
at  15°  being  d,  the  per  cent  of  chicory,  c,  can  be  calculated  roughly  by 
the  formula 

(l.0282I-(f)lOO 

£  =  100-^ 3 . 

0.01835 

This  method  is  of  course  inapplicable  when  other  substances  than 
chicory  are  present. 

Date  Stones,  roasted  and  ground,  have  been  used  to  some  extent  as  a 
coffee  adulterant.    Fig.  71  shows  the  structural  features  of  date  stones 


/IG.  71. — Powdercil  Dale  Slums  under  the  Mitroscopc  end  endocarp;  «,  cpispenn; 
a,  albumen  in  crobs  section,  a',  Albumen  in  longitudinal  SLcUon  (After  ViUicrs  and 
ColUn.) 

under  the  micro=;cope     End  represents  a  fragment  of  endocarp  with  its 
elongated,  thick  walled  cells  peculiarly  arranged  as  shown,  adjacent  cells 

•Trans   Ko\al  hoc   of  Canada,  1887 
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often  lying  with  axes  at  right  angles  to  each  other.  The  more  evenly 
formed  episperm  cells,  e,  are  thin-walled  and  of  a  brown  color.  The 
albumen,  a,  is  made  up  of  very  thick-walled,  somewhat  regularly  arranged 
cells,  indented  from  within  with  deep  channels.  Date  stones  are  readily 
distinguished  from  coffee  by  these  features. 

Coloring  Coffee  Beans. — The  practice  of  treating  raw  coSee  beans 
in  a  manner  somewhat  analogous  to  the  facing  of  tea  leaves  has  been 
sometimes  practiced,  with  a  view  to  giving  to  cheaper  or  inferior  grades 
the  appearance  of  high-priced  coffee.  For  this  purpose  various  pigments 
have  been  employed,  such  as  yellow  ocher,  chrome  yellow,  burnt  umber 
Venetian  red,  Scheele's  green,  iron  oxide,  turmeric,  indigo^  Prussian 
blue,  etc.,  the  coffee  beans  being  first  moistened  with  water  containing 
a  little  gum,  and  shaken  with  the  pigment.  As  a  rule  such  pigments, 
especially  when  inorganic,  arc  best  sought  for  cither  in  the  ash,  or  in  the 
sediment  obtained  by  shaking  the  coffee  beans  in  cold  water,  using  the 
ordinary  qualitative  chemical  methods.  Organic  coloring  matters  can 
be  best  extracted  with  alcohol.  Prussian  blue  and  indigo  are  tested 
for  as  in  the  case  of  tea  leaves  (p.  285). 

Glazing. — This  is  a  more  recent  form  of  treatment  of  the  whole  bean, 
which  consists  in  coating  the  beans  by  dipping  in  egg  or  sugar,  or  a  mix- 
ture of  the  two,  sometimes  using  various  gums.  Such  glazing  is  alleged 
to  improve  the  keeping  qualities  of  the  coffee,  as  well  as  to  aid  in  clarify- 
ing the  infusion,  and  if  this  is  the  sole  purpose,  the  practice  cannot  be 
condemned  as  a  form  of  adulteration.  If,  however,  it  is  done  to  give 
inferior  varieties  of  coffee  a  better  appearance,  in  order  to  deceive  the 
consumer,  it  clearly  constitutes  adulteration  within  the  meaning  of  the 
law. 
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ing  them.    In  coffee  substitutes,  coffee  itself  should  properly  be  con- 
sidered in  the  light  of  an  adulterant. 


COCOA  AND  COCOA  PRODUCTS, 

Nature  of  Cocoa. — Cocoa  and  the  various  chocolate  and  cocoa  prepa- 
rations are  made  from  the  bean  of  the  tree  Theohroma  cacao,  of  the  family 
of  ByttneriacecB.  This  tree  averages  13  feet  in  height,  and  its  main  trunk 
is  from  5  to  8  inches  in  diameter.  It  is  a  native  of  the  American  tropics, 
being  especially  abundant  and  growing  under  best  conditions  in  Mexico, 
Central  America,  Brazil,  and  the  West  Indies. 

The  cocoa  beans  of  commerce  are  derived  chiefly  from  Ariba,  Bahia, 
Caracas,  Cayenne,  Ceylon,  Guatemala,  Haiti,  Java,  Machala,  Mara- 
caibo,  St.  Domingo,  Surinam,  and  Trinidad.  Besides  these,  the  Sey- 
chelles and  Martinique  furnish  a  small  amount. 

The  plant  seeds,  or  beans,  grow  in  pods,  varving  in  length  from  23  to 
30  cm.,  and  are  from  10  to  15  cm.  in  diameter.  The  beans,  which  are 
about  the  size  of  almonds,  are  closely  packed  together  in  the  pod. 
Their  color  when  fresh  is  white,  but  they  turn  brown  on  drying. 

The  gathered  pods  are  first  cut  open,  and  the  seeds  removed  to  undergo 
the  process  of  ** sweating"  or  fermenting,  which  is  carried  out  either 
in  boxes  or  in  holes  made  in  the  ground.  This  process  requires  great 
care  and  attention,  as  upon  it  depends  largely  the  flavor  of  the  seed. 
The  sweating  operation  usually  takes  two  days,  after  which  the  seeds 
are  dried  in  the  sun  till  they  assume  their  characteristic  warm  red  color, 
and  in  this  form  are  shipped  into  our  markets. 

For  the  production  of  the  various  preparations  of  chocolates  and 
cocoa,  the  beans  are  cleaned  and  carefully  roasted,  during  which  process 
the  flavor  is  more  carefully  developed,  and  the  thin,  paper-like  shell 
which  surrounds  the  seed  is  loosened,  and  is  Vi^ry  readily  removed.  The 
roasted  seeds  are  crushed,  and  the  shells,  which  are  separated  by  winnow- 
ing, form  a  low-priced  product,  from  which  an  infusion  may  be  made, 
having  a  taste  and  flavor  much  resembling  chocolate. 

The  crushed  fragments  of  the  kernel  or  seed  proi)er  are  called  cocoa 
nibSj  and  for  the  preparation  of  chocolate  they  are  finely  ground  into 
a  paste  and  run  into  molds,  either  directly,  or  after  being  mixed  with 
flavoring  extract,  and,  in  some  cases,  sugar  and  spices,  according  to 
whether  plain  or  sweet  chocolate  is  the  end  product. 

For  making  cocoa,  however,  a  portion  of  the  oil  or  fat  known  as  the 
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ccKoa  butter  is  first  removed,  by  subjecting  the  ground  seed  fragments 
to  hydraulic  pressure,  usually  between  heated  plates,  after  which  the 
pressed  mass  is  reduced  to  a  very  fine  powder,  cither  directly,  or  by  treat* 
ment  with  ammonia  or  alkalies,  to  render  the  product  more  soluble.  It 
is  held  that  the  large  amount  of  fat  contained  in  the  cocoa  seeds  (vary- 
ing from  40  to  54  per  cent)  is  difficult  of  digestion  to  many,  such  as  invalids 
and  children,  and  hence  the  desirability  of  removing  part  of  the  fat. 

Composition  of  Cocoa. — The  chief  constituents  of  raw  cocoa,  named 
in  the  order  of  their  relative  amount,  are  fat;  proteids,  starch,  water,  crude 
fiber,  ash,  theobromine,  gum,  and  tannin.  During  the  roasting  there 
is  reason  to  believe  a  volatile  substance  is  developed  much  in  the  nature 
of  an  essential  oil,  which  gives  to  the  product  its  peculiar  fiavor,  and  is 
somewhat  analogous  to  the  caffeol  of  coffee. 

Tannin,  the  astringent  principle  of  cocoa,  exists  as  such  in  the  raw 
bean,  but  rapidly  becomes  oxidized  to  form  cocoa  red,  to  which  the  color 
of  cocoa  is  due. 

Weigmann  gives  the  following  results  of  analyses  of  cocoa  nibs  and 
shells: 

COMPOSITION  OF  COCOA  NIBS. 


1                                    Comni*rcia]  Varieties. 
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The  following  are  the  summarized  results  of  the  analyses  of  seventeen 
varieties  of  cocoa  seeds  and  sheik,  made  by  Winton,  Silverman,  and 
Bailey.* 


Water 

Total  ash 

Water-soluble  ash 

Ash  ins<jluble  in  acid 

Alkalinity  of  ash 

'rhe<:)bromine 

C'atTeine 

(^ther  nitrogenous  substances 

Crude  fiber 

Crude  starch  (acid  conversion) 

Pure  starch  (diastase  conversion) 

Other  nitrogen-free  substances 

Fat 

Total  nitrogen 

Constants  of  fat  (ether  extract) : 

Melting-|)oint,  degrees  C 

Zeiss  ref ractomcter  reading  at  40°  C. . . 

Refractive  index  at  40°  C 

Iodine  numlxT 

Per  cent  of  nibs  in  whole  Ixran 

* shells  "       "        "      


Roasted  Cocoa  Nibs. 


Air-dry  Material. 


Maxi- 
mum. 


Mini- 
mum. 


3.18 

4.15 
1.86 

0.07 

3-35 
1.32 

0-73 
13.06 

3.20 

12.37 
8.99 

21.07 

52.25 

2.54 

35-0 
48.00 

•4579 

37.89 
92.  (>o 

13.88 


2.29 
2.61 

0-73 
0.00 

I  -SO 

0.82 

0.14 

II  .00 

2.21 

9-30 
6.49 

17.69 

48.11 

2.20 

32.3 
46.00 

1-4565 

33-74 

86.12 

8.83 


Mean. 


Water-  and  Fat-free 
Material. 


2.72 

?>-^^ 
1. 16 

0.02 

2.51 

1 .04 

0.40 

12. 12 
2.64 

1 1 .  16 
8.07 

19.57 
50.12 

2.38 

33-3 

47-23 

1-4573 

34.97 
88.46 

11.54 


Maxi- 
mum. 


8.81 

3-96 
0.14 
7.12 
2.92 

J -55 
28.05 

6.56 

25.(^)8 

18.61 

44.08 

5-41 


Mini- 
mum, 


5-76 
1. 60   j 
0.00   I 

3-20   I 
1.66  I 

0-31    I 
23-37   I 

4.70         ; 

i().8o  i 

38.78 
4.74 


Mean. 


7.04 
2.46 
0.05 

5-32 
2.21 
0.86 

25.  (K) 
5.61 
23.66 
17.10 
41.49 

5-05 


Roasted  C<»C'»a  Sht-lls. 


Air-drv  Material. 


WaUr-  ami  Fat-rVt-c 
I  Material. 


Water 

Total  a«;h 

Water-soluble  a>.h 

,\sh  insoluble  in  ai  i<l 

.\lkalinity  of  ash 

Theobromine 

CatTeine 

Other  nitrt)genous  substances  . . . 

Crude  fiber 

Crude  starch  (acid  conversion).  . 
Pun'  starch  (diastase  conversion). 
Other  nitrogen-free  substances.  . 

Fat 

Total  nitrogen 


Maxi- 

Mini- 

.Ml-an. 

.Maxi- 

Mini- 

•Mean. 

mum. 

mum. 

mum. 

mum. 

6.57 

3-7' 

4-S7 

20.72 

7-14 

10.48 

21.97 

5-^>3 

11-33 

5.67 

2.02 

3-^»7 

0-  II 

2.  16 

3-^>7 

11.18 

0-05 

2.;ii 

II.S6 

0.05 

2.70 

5-92 

5.02 

5  -  5  2 

6.47 

5-32 

5-97 

0.()0 

0.20 

0.  10 

O.CJ7 

0.22 

0.^2 

0.28 

0.04 

0. 16 

0.31 

0.04 

0- 17 

18.06 

10. 6<) 

14.54  ' 

19.40 

11-34 

15.70 

19.21 

12.<>3 

^>'<^?, 

20.72 

13.71 

18.01 

13.89 

9.87 

1 1 .62 

15.42 

10.47 

12.59 

5.16 

3-3^ 

4.14 

5-. =^9 

3-05 

4.47 

51.86 

43-71 

46.40 

55-84 

47.04 

50.08 

5-23 

1.66' 

2.77 

3-17 

1.74 

2.34 

3-41 

1.87 

2.54 

*  An.  Rep.  Conn.  Agric.  Exp.  Sta.,  1902,  p.  270. 
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According  to  Bell  *  the  ash  of  cocoa  nibs  has  the  following  composi- 
tion: 

Per  Cent. 

Sodium  chloride 0.57 

Soda 0.57 

Potash 27.64 

Magnesia 19.81 

Lime 4-53 

Alumina 0.08 

Ferric  oxide o.  15 

Carbonic  acid 2.92 

Sulphuric  acid 4.53 

Phosphoric  acid 39>2o 

100.00 


Theobromine  (C,H^tO,),  the  chief  alkaloid  of  cocoa,  when  pure, 
forms  a  white,  crystalline  powder,  having  a  bitter  taste.  It  is  sUghtly 
soluble  in  water  and  alcohol,  very  slightly  soluble  in  ether,  insoluble 
in  petroleum  ether,  but  readily  soluble  in  chloroform.  It  sublimes  at 
290"  to  295°  C.  It  is  a  weak  base,  and  much  resembles  caffeine.  A  small 
amount  of  caffeine  has  also  been  found  in  cocoa,  but  in  most  analyses 
is  reckoned  in  with  the  theobromine. 

The  Nitrogenous  Substances  of  Cocoa,  aside  from  the  alkaloids,  have 
been  little  studied.  Stutzer  has,  however,  separated  them  roughly  as 
in  the  following  analyses  of  four  samples,  of  which  A  was  manufactured 
without  chemicals,  B  with  potash,  and  C  and  D  with  ammonia: 
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Ash. — ^The  dish  containing  the  above  residue  is  brought  to  a  dull-red 
heat  over  a  low  Bunsen  flame,  and  kept  at  this  temperature  till  a  white 
ash  is  obtained,  after  which  it  is  cooled  in  a  desiccator  and  weighed.  The 
ash  is  then  boiled  with  water,  brought  upon  a  filter,  washed,  reignited, 
and  the  insoluble  portion  weighed. 

If  the  ash  is  to  be  examined  for  mineral  adulterants,  such  as  red  ocher, 
etc.,  a  much  larger  amount  of  the  original  substance  should  be  taken. 

Fat. — Five  grams  of  the  sample,  after  drying,  are  extracted  with 
petroleum  ether  in  a  Soxhlet  apparatus,  and  the  residue,  separated  by 
evaporation  from  the  solvent,  is  dried  at  100°  C.  Dry,  alcohol-free  ether 
is  sometimes  used  as  a  solvent,  but  does  not  give  accurate  results,  since 
theobromine  is  slightly  soluble  in  boiling  ether  (about  i  part  in  600). 

Fat  thus  extracted  from  chocolate  should  be  examined  for  purity 
(see  p.  304),  since  from  the  high  price  of  cocoa  butter,  the  fat  is  said  to 
be  sometimes  expressed  and  replaced  in  part  by  cottonseed  stearin. 

Theobromine. — ^Total  alkaloid,  reckoned  as  theobromine,  may  be 
determined  approximately  by  the  same  method  as  given  for  caffeine 
(p.  281).  The  separation  of  the  small  amount  of  caffeine  present  from 
the  theobromine,  and  its  determination,  are  rarely  considered  necessary, 
so  similar  are  the  two  alkaloids  in  their  nature  and  effects. 

Schmidt  and  Pressler  *  employ  the  following  method :  Ten  grams 
of  the  sample  are  freed  from  fat  by  extracting  with  petroleum  ether  in  a 
Soxhlet  apparatus.  The  residue  is  mixed  with  an  equal  quantity  of 
slaked  lime,  and  the  mixture  repeatedly  boiled  with  80%  alcohol.  The 
residue  left  on  evaporating  off  the  alcohol  is  best  recrystallizcd  from  the 
same  solvent,  and  should  be  in  the  form  of  a  white,  crystalline  powder.  It 
is  dried  at  100°  and  weighed.  Caffeine,  if  present,  is  included  with  the 
theobromine. 

Methods  for  the  Separation  of  Caffeine  and  Theobromine, — The  mixed 
alkaloids  are  best  extracted  with  cold  benzol,  which  dissolves  the  caf- 
feine, but  in  which  theobromine  is  practically  insoluble. 

Maupys  Method  for  Estimation  of  Theobromine, '\ — Extract  the  fat 
from  5  grams  of  cocoa,  or  from  10  grams  of  the  chocolate  with  petroleum 
ether.  Triturate  the  residue  in  the  case  of  the  cocoa  with  2  cc.  of  water, 
or,  in  the  case  of  the  chocolate,  with  4  grams  70%  alcohol.  Boil  for  an 
hour  with  a  mixture  of  15  grams  phenol  and  85  grams  chloroform  under 
a  reflux  condenser.     Cool,  filter  off  the  extract,  and  shake  the  residue 

*  Ann.  dcr  Chem.,  217,  288. 

t  Jour.  Pharm.  Chem.,  1897,  V,  329-332;  Abs.  Analyst,  XXII,  191. 
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twice  with  15  grams  of  chloroform,  allowing  it  to  macerate  half  an  hour 
each  time,  and  adding  the  filtered  chloroform  to  the  original  phenol- 
chloroform  extract.  Evaporate  off  the  chloroform,  add  40  grams  of 
ether  to  the  residue,  and  let  stand  for  six  hours.  This  precipitates  the 
theobromine,  while  the  caSeine,  coloring  substances,  and  any  traces  of 
fat,  remain  in  solution.  Collect  the  precipitate  on  a  tared  filter,  wash 
with  a  little  ether,  dry,  and  weigh. 

Albuminoids. — The  total  nitrogen  is  detennined  by  the  Gunning 
method  (p.  61),  but  if  the  nitrogen  be  multiplied  by  6.25,  the  result,  counted 
as  albuminoids,  is  too  high  by  reason  of  the  theobromine.  Best  results 
are  obtained  by  first  removing  the  alkaloids  by  treatment  with  chloroform, 
and  determining  the  nitrogen  in  the  residue  by  the  regular  Gunning 
method. 

Starch. — Wash  4  grams  of  the  sample  on  a  filter-paper  with  ether  till 
free  from  fat.  Then  wash  with  cold  water  on  the  same  filter  till  free  from 
sugar.     Subject  the  residue  to  the  diastase  treatment  for  starch,  p.  223. 

Crude  Fiber. — Two  grams  of  the  sample  are  freed  from  fat  and  the 
regular  melhod  of  the  A.  O,  A.  C.  (p.  218)  employed. 

Cocoa  Butter. — The  fat  of  the  cocoa,  known  as  cocoa  or  cacao  butter, 
is  much  used  in  pharmacy  as  a  basis  fur  ointments  and  to  some  extent 
in  soap-making,  so  that  there  is  a  temptation  to  remove  the  fat  on  the 
grounds  of  its  commercial  value,  as  well  as  for  the  alleged  reason  of  render- 
ing the  cocoa  more  digestible.  Cocoa  butter  is  sometimes  adulterated 
with  paraffin  wax  and  cheaper  fats,  such  as  cocuanut  oil,  cottonseed, 
stearin,  and  tallow.  Tests  for  its  purity  consist  in  determining  the  melt- 
ing-point, that  of  pure  cocoa  butter  being  28°  to  33°  C,  the  iodine  absorp- 
tion value  {which  should  lie  between  32  and  41),  the  saponification  value 
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and  fat-free  residue  no  higher  percentage  of  either  ash,  j5ber,  or  starcU 
than  is  found  in  the  sugar-  and  fat-free  residue  of  plain  chocolate. 

Standard  cocoa  should  contain  percentages  of  ash,  crude  fiber,  and 
starch  corresponding  to  those  of  plain  chocolate,  after  correcting  for  fat 
removed. 

Standard  sweet  cocoa  is  cocoa  mixed  with  sugar  (sucrose)  containing 
not  more  than  60%  of  sugar,  and  in  the  sugar-  and  fat-free  residue  no 
higher  percentage  of  cither  ash,  crude  fiber,  or  starch  than  is  found  in 
the  sugar-  and  fat-free  residue  of  plain  chocolate. 

The  removal  of  fat,  or  the  addition  of  sugar  beyond  the  above  pre- 
scribed limits,  or  the  addition  of  foreign  fats,  foreign  starches,  or  other 
foreign  substances,  constitutes  adulteration,  unless  plainly  stated  on  the 
label. 

The  most  common  adulterants  of  cocoa  are  sugar  and  various  starches, 
especially  those  of  wheat,  com,  and  arrowroot.  Starch  is  sometimes 
added  for  the  alleged  purpose  of  diluting  the  cocoa  fat,  instead  of  remov- 
ing the  latter  by  pressure,  thus,  it  is  claimed,  rendering  the  cocoa  more 
digestible  and  more  nutritious.  Unless  its  presence  is  announced  on 
the  label  of  Ihe  package,  starch  should  be  considered  as  an  adulterant. 
Cocoa  shells  are  also  commonly  employed  as  a  substitute  for,  or  an 
adulterant  of,  cocoa.  Other  foreign  substances  found  in  cocoa  are  sand 
and  ground  wood  fiber  of  various  kinds.  Iron  oxide  is  occasionally 
used  as  a  coloring  matter,  especially  in  cheap  varieties. 

Such  adulterants  as  the  starches  and  cocoa  shells  are  best  detected  by 
the  microscope.  The  presence  of  any  considerable  admixture  of  sugar 
is  made  apparent  by  the  taste.  Mineral  adulterants  are  sought  for  in 
the  ash. 

Addition  of  Alkali. — The  amount  of  water-soluble  matter  in  cocoa 
is  ver}'  small  (about  20  to  25  per  cent),  and  in  preparing  the  beverage, 
the  desideratum  aimed  at  is  to  produce  as  perfect  an  emulsion  as  possible, 
'The  legitimate  means  of  accomplishing  this  is  by  pulverizing  the  cocoa 
ver)'  fine,  so  that  particles  remain  in  even  sus|X}nsion  and  form  a  smooth 
paste.  Another  means  sometimes  resorted  to  for  producing  a  so-called 
•* soluble  cocoa''  is  to  add  alkaU  in  its  manufacture,  the  effect  being  to 
act  upon  a  part  of  the  fat,  and  produce  a  more  perfect  emulsion  with  less 
separation  of  oil  panicles.  Such  treatment  with  alkaH  is  regarded  with 
disfavor,  even  if  not  considered  as  a  form  of  adulteration.  Cocoa  thus 
treated  is  generally  darker  in  color  than  the  pure  article. 

The  use  of  alkali  is  usually  rendered  apparent  by  the  abnormally  high 
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ash,  and  by  the  increased  alkalinity  of  the  ash,  the  latter  constant  being 
expressed  in  terms  of  the  number  of  cubic  centimeters  of-  decinormal 
acid  necessary  to  neutralize  the  ash  of  i  gram  of  the  sample.  In  pure, 
untreated  cocoa,  the  ash  rarely  exceeds  5.5%,  and  the  alkalinity  of  the 
ash  is  generally  not  more  than  3.75.  In  cocoa  treated  with  alkali,  the 
ash  sometimes  reaches  8.5%,  with  the  alkalinity  nmning  as  high  as  6 
or  even  8. 

Microscopical  Structure  of  Cocoa. — Fig.  73  shows  elements  of  the 
powdered  cocoa  bean,  both  of  the  shell  and  of  the  kernel.  The  powder 
of  the  latter  should  constitute  pure  cocoa,  with  occasional  fragments 
only  of  the  shell.  The  irregular  lobes  con- 
stituting the  kernel  arc  each  inclosed  in  a 
membrane  made  up  of  angular  cells,  filled 
with  granular  matter.  (4),  (5),  and  (6) 
show  elements  of  the  powdered  cotyledons, 
or  seed  kernels.  The  polygonal  tissue  of 
the  cotyledon  is  shown  in  cross-section  at 
(4),  In  the  powder  one  finds  also  dark 
granular  matter,  bits  of  d^ris,  and  frag- 
ments, with  masses  of  yellow,  reddish- 
brown,  and  sometimes  violet  coloring  matter, 
together  with  numerous  starch  granules  and 
alcurone  grains. 

The  starch  granules  are  nearly  circular, 
with  rather  indistinct  central  nuclei,  and 
range  in  size  from  0.0024  t"  0.0127  mm., 
avcraf^nj;  about  0,007  f"'"-     They  aro  more 


FlO.  7». — Powdered  Cocoa  under 
the  Microscopt.  X115.  (After 
Morller.)  i,  cross  -section 
Ihrough  shell   {larcnchttna; 
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vessel  for  twenty-tour  hours,  before  all  the  ekments,  of  pure  cocoa  are 
rendered  transparent.  If  after  that  time  opaque  masses  are  still  found, 
these  are  due  to  foreign  material. 

Ammonia  may  be  used  instead  of  chloral  with  even  better  results, 
but  this  reagent  requires  longer  treatment,  soaking  for  several  days  or 
a  week  being  sometimes  necessary. 

Fig.  185,  PI.  XVII,  shows  the  microscopical  appearance  of  genuine 
powdered  cocoa  with  its  variously  azed  starch  grains  and  the  debris  of 
the  ground  cotyledons.     Fig.  186  shows  cocoa  adulterated  with  arrowroot. 

Cocoa  Shells. — The  shell  parenchyma  with  side  \iew  of  the  stone- 
cell  layer  a  and  frequent  spiral  ducts,  all  characteristic  of  the  ground 
shell,  are  shown  at  1,  Fig.  72. 

In  plan  view  the  thick-walled  stone-cell  layer  is  shown  at  2,  and  the 
spongy,  outer  seed-skin  tissue,  composed  of  two  layers,  with  elongated 
cells  running  crosswise  to  each  other  in  striated  fashion,  and  with  the 


Fig.  73.— Cocoa  Shell  in  Surface  Soclioa      X160.     ep,  cpicaip;    p,  parcnehjTna  of  the 
fruil;    qu,   bycr  of  iransveisc  cells.     (After  Mocllcr.) 


underlying  hairs  or  so-rallcd  " Mitscherlich  bodies,"  is  shown  at  3. 
The  presence  of  an  abnormally  large  number  of  yellow  and  brown  frag- 
ments in  the  water-mounted  cocoa  specimen,  even  under  small  magnifi- 
cation, arouses  suspicion  of  the  presence  of  shelb,  the  most  distinctive 
elements  of  which  arc  the  spong>'  tissue,  the  stone  cells,  and  the  abundant 
spiral  ducts,  the  latter  being  scarce  in  pure  cocoa  powder. 
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Cocoa  shells  are  indicated  on  chemical  analysis  by  the  abnormally 
high  ash  and  crude  fiber. 

Added  Starch. — This  can  only  be  approximately  deiermined  by  a 
careful  examination  with  the  microscope.  Long  experience  will  enable  the 
analyst  to  familiarize  himself  with  the  appearance  and  abundance  of 
starch  grains  of  various  kinds  in  a  series  of  fields,  so  that  he  can  roughly 
estimate  the  amount  of  each  starch  present  in  the  mixture,  by  careful 
comparison  with  mixtures  of  known  percentage  composition. 

Added  Sugar. — Any  appreciable  amount  of  added  cane  sugar  b  shown 
by  the  sweet  taste.  The  amoimt  of  cane  sugar  may  be  determined  by 
means  of  the  polariscopc,  using  preferably  the  double-dilution  method  of 
Wiley  and  Ewell,  on  account  of  the  volume  of  the  residue.  For  this 
purpose,  extract  separately  with  petroleum  ether  on  filters  quarter-  and 
half-normal  weights  of  the  sample  (6.512  and  13.024  grams),  and  make 
up  to  50  and  100  cc.  respectively,  after  clarification  with  subacetate  of 
lead  and  alumina  cream.  Polarize  in  both  cases  in  the  loo-mm.  tube, 
and  multiply  the  readings  by  4  for  correction. 

Subject  each  solution  to  inversion,  and  from  the  true  direct  and  invert 
readings,  obtained  by  Wiley  and  Ewell's  formula,  calculate  the  sucrose  by 
Clcrget's  formula. 

If  a  polariscope  is  not  at  hand,  the  sugar  may  be  determined 
by  extracting  a  weighed  amount  of  the  sample  wilh  cold  water,  and 
determining  the  reducing  sugar,  both  before  and  after  inversion,  by  cither 
of  the  usual  methods,  the  difference  being  the  equivalent  of  the  cane 
sugar. 

An  abnormally  low  ash  is  indicative  of  the  addition  of  starch  or  sugar 
or  both. 
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These  aromatic  vegetable  substances  are  classed  as  condiments,  and 
depend  for  their  use  on  the  pungency  which  they  possess  in  giving  flavor 
or  relish  to  food.  As  such  seasoning  or  zest-giving  substances,  they  are 
of  considerable  importance  dietetically,  but  from  the  fact  that  they  are 
used  in  comparatively  insignificant  amoimt,  the  determination  of  their 
chemical  composition  or  actual  value  as  nutrients  per  se  is  of  httle  im- 
portance to  the  food  economist. 

Spices  are,  however,  of  chief  interest  to  the  pubhc  analyst,  because 
of  all  food  materials  they  constitute  from  their  nature  a  class  more  sus- 
ceptible than  others  to  fraudulent  adulteration  of  the  most  skilled  variety. 

In  many  cases  not  only  the  megascopic  appearance  and  taste  of  the 
skillfully  adulterated  article  are  made  to  counterfeit  the  genuine  spice, 
but  even  the  microscopical  appearance  is  intended  to  deceive,  since  it 
is  the  microscope  that  is  most  useful  in  the  detection  of  adulteration,  and 
in  many  cases  in  the  determination  of  the  approximate  amount  of  the 
adulterants. 

Indeed  it  is  very  rare  that  the  microscope  will  fail  to  detect  the  presence 
of  any  foreign  substance  in  spice,  and  hence  its  use  is  indispensable  in 
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under  the  discussion  of  the  spice  in  question.  For  these  determinations 
the  spices  should  be  powdered  fine  enough  to  pass  through  a  60-mesh 
sieve. 

Determination  of  Moisture. — Richardson^ s  Method.* — ^Two  grams  of  the 
sample  are  weighed  in  a  tared  platinum  dish  and  dried  in  an  air-oven 
at  110°  to  a  constant  weight,  which  generally  requires  about  twelve  hours. 
The  loss  in  weight  includes  the  moisture  and  the  volatile  oil.  The  latter 
is  determined  from  the  ether  extract,  as  described  on  page  312,  and 
deducted  from  the  total  loss  to  obtain  the  moisture. 

McGill  t  determines  the  moisture  by  exposure  of  a  weighed  portion 
of  the  sample  in  vacuo  over  perfectly  colorless  sulphuric  acid.  The  spice 
gives  up  its  moisture  before  the  volatile  oil  comes  oflF,  and  any  appreciable 
amount  of  the  volatile  oil,  when  absorbed  by  the  acid,  causes  the  latter 
to  be  discolored,  so  that  by  carefully  observing  the  beginning  of  the  dis- 
coloration, and  removing  the  sample,  the  loss  due  to  moisture  may  be 
obtained  by  weighing  at  the  proper  stage.  The  abstraction  of  the  mois- 
ture in  this  manner  requires  about  twenty-four  hours. 

Determination  of  Ash. — ^The  residue  from  the  determination  of 
moisture  is  burnt  to  a  white  ash  in  the  original  platinum  dish,  either 
directly  over  a  low  flame,  or  preferably  in  a  muffle.  If  it  is  impossible 
to  obtain  a  white  ash,  the  charred  mass  is  exhausted  with  water,  a  little 
ammonium  carbonate  solution  is  added  to  the  aqueous  extract,  and  the 
latter  is  evaporated  to  dryness,  the  insoluble  residue,  which  has  been  col- 
lected on  a  filter  and  burnt,  is  added,  and  the  whole  is  incinerated  to  as 
near  a  white  ash  as  possible. 

The  Water-soluble  Ash  %  is  found  by  boiling  the  total  ash  as  above 
obtained  with  50  cc.  of  water,  and  filtering  through  asbestos  in  a  tared 
Gooch  crucible,  the  insoluble  residue  being  washed  with  hot  water,  dried, 
ignited,  and  weighed. 

The  insoluble  ash,  subtracted  from  the  total,  leaves  the  water-soluble 
ash.  When  sand  is  present,  its  amount  is  assumed  to  be  the  j)crcentage 
of  ash  insoluble  in  hydrochloric  acid.  The  ash  from  2  grams  of  the  sub- 
stance, obtained  as  above  described,  is  boiled  with  25  cc.  of  10%  hydro- 
chloric acid  (specific  gravity  1.050)  for  five  minutes,  the  insoluble  residue 
is  collected  on  a  tared  Gooch  crucible,  thoroughly  washed  with  hot  water, 
and  finally  dried  and  weighed. 


♦  U.  S.  Dcpt.  of  Agric,  Div.  of  Chem.,  BuL  13,  pt  2,  p.  165. 

t  Canada  Dept.  of  Inland  Rev.  BuL  73,  p.  9. 

X  Winton,  U.  S.  Dcpt.  of  Agric,  Bur.  of  Chem.,  Bui.  65,  p.  55. 
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Limeis  determined  from  the  ash  as  directed  on  page  264,  having  first 
separated  the  iron  and  phosphates. 

The  sulphuric  acid  due  to  calcium  sulphate  (added  as  an  adulterant) 
is  determined  by  precipitalbn  with  barium  chloride  of  a  very  weak  hydro- 
chloric acid  solution  of  the  ash,  the  separated  barium  sulphate  being 
washed,  dried,  ignited,  and  weighed. 

Ether  Extract — Total,  Volatile,  and  Non-volatile.* — Two  grams  of  the 
powdered  substance  are  placed  in  a  Schleicher  and  SchuU  cartridge,  or 
wrapped  in  fat-free  filter-paper,  and  arc  subjected  to  continuous  extrac- 
tion in  a  Soxhlet  apparatus  for  twenty-four  hours  with  anhydrous,  alco- 
hol-free ether.f  The  ether  solution  is  then  transferred  to  a  tared  evapo- 
rating-dish,  and  allowed  to  evaporate  spontaneously  at  the  temperature 
of  the  room.  After  the  disappearance  of  the  ether,  the  evaporating-dbb 
is  placed  in  a  desiccator  over  concentrated  sulphuric  acid  and  left  over 
night,  or  for  at  least  twelve  hours,  after  which  it  is  weighed,  the  residue 
in  the  dish  being  regarded  as  the  total  ether  extract. 

The  dish  and  its  contents  are  then  subjected  to  a  heat  of  about  100°  C. 
for  several  hours,  taking  a  long  time  to  bring  the  temperature  up  to  that 
point  so  as  to  avoid  oxidation  of  the  oil.  Finally  heat  at  1 10°  C.  till  the 
weight  is  constant.  The  final  residue  b  the  non-volatile,  and  the  loss 
in  iveight  the  volatile  ether  extract. 

Alcohol  Extract. — Method  oj  Winlon,  Ogden,  and  Milchell.X — Two 
grams  of  the  powdered  sample  arc  placed  in  a  loo-cc.  graduated  flask, 
which  is  filled  to  the  mark  with  95%  alcohol.  The  flask  is  stoppered  and 
shaken  at  half-hour  intcn.-als  during  eight  hours,  after  which  it  is  allowed 
to  stand  for  sixteen  additional  hours  without  shaking,  and  the  contents 
poured  upon  a  dry  filter.  Of  the  filtrate,  50  cc.  are  evaporated  to  dry- 
I  tared  platinum  dish  on  the  water-bath,  and  heated  at  iio°C. 
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Determination  of  Starch. — ^In  spices  like  white  pepper,  ginger,  and 
nutmeg  that  normally  contain  a  high  content  of  starch  and  very  little 
other  copper-reducing  matter,  the  direct  acid  conversion  process  of  starch 
determination  is  satisfactory. 

In  spices  normally  free  from  starch,  such  as  cloves,  mustard,  and 
cayenne,  where  a  starch  determination  indicates  the  amount  of  a  foreign 
starch  present  as  an  aduherant,  it  is  safer  to  use  the  diastase  process. 

Four  grams  of  the  powdered  sample  are  extracted  on  a  filter-paper 
(fine  enough  to  retain  all  starch  particles)  first  with  five  successive  por- 
tions of  lo  cc.  of  ether,  then  with  150  cc.  of  10%  alcohol.  Owing  to 
difficulty  of  filtering  in  the  case  of  cassia  and  cinnamon,  Winton  recom- 
mends that  all  washing  in  the  determination  of  starch  in  these  substances 
be  omitted.  The  residue  is  washed  from  the  filter-paper  by  means  of 
a  stream  of  water  into  a  500-cc.  flask,  if  the  direct  acid  conversion  method 
is  used,  using  200  cc.  of  water;  20  cc.  of  hydrochloric  acid  (specific 
gravity  1.125)  arc  added,  and  the  method  from  this  point  on  followed^ 
as  detailed  on  page   223. 

If  the  starch  is  to  be  determined  by  the  diastase  method,  wash  the 
residue  from  the  filter-paper  into  a  beaker  with  100  cc.  of  water,  and 
proceed  as  on  page  223. 

Determine  the  dextrose  in  either  case  by  the  Defren  method,  or 
volumetrically,  and  convert  dextrose  to  starch  by  the  factor  0.9. 

Determination  of  Crude  Fiber.  —  Two  grams  of  the  substance  are 
extracted  with  ordinary  ether  (or  the  residue  left  from  the  determination 
of  the  ether  extract  may  be  taken)  and  subjected  to  the  regular  method 
for  determining  crude  fiber,  by  boiling  successively  with  acid  and  alkali 
(page  218). 

McGill  recommends  the  use  of  the  centrifuge  in  separating  the  crude 
fiber,  after  boiling  with  the  alkaline  solution. 

Determination  of  Volatile  Oil. — Method  0}  Girard  and  DupriJ'' — 
The  spice  is  mixed  with  water  and  subjected  to  dislillalion,  receiving 
the  distillate  in  a  graduated  cylinder.  The  volume  occupied  by  the 
essential  oil  (which  is  immiscil)le  with  water)  can  be  thus  read  ofl  and 
its  content  roughly  determined.  If  the  volatile  oil  is  slightly  soluble 
in  water,  separate  out  the  water  layer,  having  first  read  the  volume  cf 
the  oil  layer,  and  extract  the  aqueous  solution  with  petroleum  ether. 
Evaporate  the  petroleum  ether  extract  to  dryness  at  room  temperature 

*  Anal>'8e  des  Matieres  Alimentaires,  page  655. 
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in  a  tared  dish,  and  add  the  volume  due  to  the  weight  of  the  residue  to 
the  volume  read  off  in  the  graduate. 

Microscopical  Examination  of  Powdered  Spices.  —  As  a  rule  few 
microscopical  reagents  are  necessary  in  the  routine  examination  of 
powdered  spices  for  adulteration,  unless  a  more  careful  study  of  the 
structure  than  is  necessary  to  prove  the  presence  of  adullerants  is  desir- 
able. The  simple  water-mounted  specimen  is  usually  sufficient  to  show 
the  purity  or  otherwise  of  the  sample-  If  in  doubt  as  to  the  presence  ol 
starch  in  small  quantities,  iodine  in  potassium  iodide  should  be  applied 
to  the  specimen,  well  rubbed  out  under  the  cover-glass. 

Very  rarely  it  is  helpful  to  treat  the  spice  powder  with  ammonia  oi 
chloral  hydrate,  to  render  certain  of  the  hard  opaque  fragments  more 
transparent.  When  this  treatment  is  resorted  to,  the  material  should 
be  soaked  for  a  day  or  more  in  the  clearing  reagent,  and  examined  in  the 
same  medium  on  the  slide. 

The  presence  of  occasional  traces  of  a  foreign  substance,  when  viewed 
under  the  microscope,  is  hardly  sufficient  to  condemn  the  sample  as 
adulterated.  Unless  they  are  evident  by  being  [>ersistently  apparent 
in  a  large  number  of  fields,  such  traces  are  apt  to  be  accidental. 

Composition  of  Miscellaneous  Spice  Adulterants. —  The  chemical 
analyses  of  various  spice  adulterants  commonly  met  with  are  given  on 
page  315. 


Nature  and  Compo^tion. — Cloves  are  the  dried,  undeveloped  flowers 
of  the  clove  tree  {CaryophyUus  aromaiicus  or  Eugenia  caryopkyUala), 
which  belongs  to  the  myrtle  family  {Myriacea).    The  tree  is  an  evergreen, 
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English-walnut  shells  * 
Brazil-nut  shells*  . ... 

Almond  shells  * 

Cocoanut  shells* 

Date  stones  * 

Spruce  sawdust  * 

Oak  sawdust  * 

Linseed  meal  * 

Cocoa  shells  * 

Red  sandalwood  *  .. . . 
Ground  olive  stones  t 


•s 


7.69 
9.08 
7.80 

7-36 
8.24 
8.77 

5-73 
8.71 

10-44 

4.42 

9-50 


Ash. 


3 


1.40 

1-59 
2.86 

0.54 
1.24 

0.23 

1.22 

5-72 
8.40 

0.70 
0.88 


0.77 
1.06 

2.39 
0.50 

0.76 

o.  16 

0.32 

1-74 
4.66 

0.28 
O-24 


0.00 
0-17 
0.05 
0.00 
0.04 
0.00 
0.02 

0-55 
0.83 

0.07 

0.44 


Ether  Extract. 


S 

'o 

> 


0.12 
0.07 
0.16 
0.00 
0.36 
0.07 
0.07 
0.04 
1. 00 
1. 21 
0.06 


i 

o 

> 


0-55 

0-57 
0.64 

0.25 

8-38 

0-77 

0.84 

6.58 

2.99 

11.47 

0-24 


H 
M 

8 


1.84 
1. 01 
«;.i6 
1. 12 
16.72 
1.50 
6.25 
9.46 

4.77 
19-37 


English-walnut  shells  * . 
Brazil-nut  shells  *  . .. . . 

Almond  shells  * 

Cocoanut  shells  ♦ 

Date  stones  * 

Spruce  sawdust  * 

Oak  sawdust  * 

Linseed  meal* 

Cocoa  shells  * 

Red  sandalwood  * . . 

Ground  olive  stones  f 


•ort'Cg 


19-30 
12.96 

22.72 

20.88 

20.88 

15.48 

17.10 

21.15 

8.68 

6.79 


CO 


S  V 


1. 01 

0.73 
0.84 

0-73 
2.19 

1-13 
1.68 

14.06 

3-iS 
1. 12 

1-73 


• 

X 

c 

Oxypren  Ab- 
sorbed   by 
Aqueous 
Extract. 

• 

«¥**^     Co 

Crude 
Fiber 

Nitrog 
6.35. 

coo* 

56.58 

1.69 

0.53 

2.08 

50.98 

4.19 

0.33 

1.30 

49.89 

1.75 

0.40 

1.56 

56.19 

I-I3 

0.47 

1.82 

5-72 

5-31 

0.61 

2.34 

64.03 

0.56 

0.30 

1. 17 

47.79 

1.63 

3.13 

12.22 

8.30 

31.81 

1. 00 

3-90 

14.12 

16.19 

1.26 

4-94 

52.30 

3.06 

0.59 

2.29 

57-46 

1.06 

j2 


0.27 
0.67 
0.28 
0.18 
0.85 
0.09 
0.26 

5-09 

2-59 
0.49 

0.17 


75  per  cent  of  the  oil,  and  a  sesquiterpene  known  as  carj'ophyllene. 
There  are  also  in  cloves  a  notable  amount  of  fixed  oil  and  resin,  and  also 
a  jK'Culiar  form  of  tannin. 

Vcr\'  few  complete  analyses  of  cloves  are  on  record.  Richardson  X 
seems  to  have  lx?en  the  earliest  worker  in  the  field  to  give  anything  at 
all  satisfactorv-  in  the  wav  of  a  number  of  determinations  of  value. 

The  following  are  maximum  and  minimum  figures  from  the  tabu- 
lated results  of  Richardson's  analyses: 


*  Winton,  Ogden,  and  Mitchell,  Conn.  Exp.  Sta.  An.  Rep.,  1898,  p.  210. 
t  Doolittlc,  Mich.  Dairy  and  Food  Dept.  Bui.  94,  1903,  p.  la. 
}  U.  S.  Dept.  of  Agric,  Div.  of  Chem.i  BuL  13. 
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Whole  cloves  (7  samples): 

Manmum 

Minimum 

Stems  ( I  sample) 

Ground  cloves  (9  samples): 

Maximmn , 

Minimum 


II 


1  i'ii 


I. 12      S.43'11-13 

.76]  3.00 11.70 
.93!  5.9613.24 

1.04   6.io'24.i8 
.70'  >. 89111.28 


McGill  *  gives  tables  of  analyses  of  pure  and  adulterated  samples  of 
cloves.  Analyses  of  upwards  of  twenty  samples  of  genuine  cloves,  both 
whole  and  ground,  from  these  tables  show  the  following  maximum  and 
minimum  figures: 


Maximum.     '      Mblmnm. 

Moisture 

3 

10.23 
31-40 

7.00 

5-05 

9.»4 
16.25 

0.94 
a».33 

McGill  also  made  analyses  of  whole  cloves  of  several  varieties,  the 
following  table  being  a  summary  of  his  results: 


} 

No.  of 

Mm.lure. 

ToUl 
Volnlilc 

Volatile 

ToUl 

ExtTKl- 

'S' 

Penang  cloves:       Majiimum 

S 

7-4 

24.3 

.7.2     1     28.2     1     „.o 

^H 
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Maximum. 

Minimum. 

Ash.  total 

7.92 

18.25 

7.19 

5-99 
11.03 

4.87 

£thcr  extract,  volatile 

**           "        non -volatile 

Winton,  Ogden,  and  Mitchell  *  give  more  complete  analyses  of  eight 
samples  of  whole  cloves  of  known  purity,  and  two  samples  of  clove  stems 
as  follows: 


Moisture. 


Ash. 


Total. 


Soluble  in 
Water. 


Maximum i     8.26 

Minimum 7 -03 

Mean !     7.81 


Clove  stems,  mean.  . 


8.74 


6.22 
5-28 
5.92 

7-99 


3-75 
3-25 
3-58 
4.26 


Insoluble 
in  HCl. 


0.13 
0.00 
0.06 
0.60 


Ether  Extract. 


Volatile. 


20.53 
17.82 

19.18 

5.00 


Non- 
volatile. 


6.67 
6.24 
6-40 

3-^3 


Alcohol 
Extract. 


15.58 

13-99 
14-87 

6.79 


Maximum 

Minimum 

Mean 

Clove-stems,  mean 


Red  vicing 
Matters 
by  Acid 
Conver- 
sion .  as 
Starch. 


Starch  by 
Diastase 
Method. 


Crude 
Fiber. 


9-63 

3''^S 

8.19 

2.08 

8.99 

2.74 

14.13 

2.17 

9.02 
7.06 

8.10 
18.71 


Nitrogen, 
X6.2S. 

7.06 
S-88 
6.18 
5.88 

Oxygen 
Absorbed 
by  Aque- 
ous Ex- 
tract. 


Querci- 
tannic 
Acid. 


2.63 
2.08 

2.33 
2.40 


20.54 
16.25 
18.19 
18.79 


Total 
Nitrogen. 


I-I3 
0.94 
0.99 

0.94 


The  Tannin  Equivalent  in  Cloves. — ^The  amount  of  tannin  in  cloves 
was  shown  by  Ellis  to  be  so  constant  as  to  be  of  valuable  assistance  as  a 
guide  to  their  purity.  The  actual  determination  of  tannin  is,  however, 
a  long  and  difficult  proceeding,  and  Richardson  f  has  pointed  out  that 
it  is  not  necessar)',  but  that  simply  using  the  first  part  of  the  Lowenthal 
tannin  process,  and  noting  the  ** oxygen  absorbed"  as  expressed  by  the 
oxidizing  power  of  permanganate  of  potash  on  the  material  after  extrac- 
tion with  ether,  is  quite  as  useful  as  determining  the  tannin,  and  is  in 
eflfect  proportional  to  the  tannin  present.  The  result  is  sometimes 
expressed  as  in  Richardson's  figures  above,  as  the  oxygen  equivalent,  or 
-as  qucrcitannic  acid. 

Determination  of  Tannin  Equivalent.^ — Reagents:  Indigo  Solution. — 
Six  grams  of  tlie  indigo  sah  §  are  dissolved  in  500  cc.  of  water  by  heat- 

*  Conn.  Exp.  Sta.  Rep.,  1898,  pp.  206,  207. 

t  U.  S.  Dept.  of  Agric,  Div.  of  Chem.,  Bui.  13,  p.  167. 

X  Winton,  V,  S.  Dept.  of  Agric,  Bur.  of  Chem.,  Bui.  65,  p.  60. 

S  The  cjuality  of  the  indigo  used  is  of  great  imjwrtance  since  with  inferior  brands  it  is 
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ing.  After  cooling,  50  cc  of  concentrated  sulphuric  add  are  added, 
the  solution  made  up  to  a  liter  and  filtered. 

Standard  Permanganate  Solution. — Dissolve  1.333  gnims  of  pure 
potassium  permanganate  in  a  liter  of  water.  This  should  be  standardized 
by  titrating  against  10  cc.  of  tenth-normal  oxalic  acid  {6.3  grams  pure 
crystallized  oxalic  acid  in  1,000  cc),  diluted  to  500  cc.  with  water,  heated 
to  60°  C,  and  mixed  with  zo  cc.  of  dilute  sulphuric  add  (i :  3  by  volume). 
The  permanganate  solution  is  added  slowly,  stirring  constantly,  till  a 
pink  color  appears. 

Two  grams  of  the  material  are  extracted  for  twenty  hours  with  pure 
anhydrous  ether.  The  residue  is  boiled  for  two  hours  with  300  cc.  of 
water,  cooled,  made  up  to  500  cc,  and  filtered. 

Twenty-five  cc,  of  the  filtrate  are  pipetted  into  a  i20o-cc  flask,  750  cc, 
of  distilled  water  are  added  and  20  cc  of  indigo  solution. 

The  standard  permanganate  solution  is  then  run  in  from  a  burette 
a  drop  at  a  time  with  constant  shaking,  until  a  bright  golden  yellow  colot 
appears,  which  indicates  the  end-point.  Note  the  niunber  of  cubic  cen- 
timeters required,  represented  by  (a). 

In  a  similar  manner  determine  the  number  of  cubic  centimeters  of 
standard  permanganate  solution  consumed  by  20  cc.  of  the  indigo  solu- 
tion alone,  represented  by  (6),  and  subtract  this  from  (a). 

The  oxygen  equivalent,  or,  as  it  is  sometimes  called,  the  "oxygen 
absorbed,"  is  calculated  from  the  equivalent  in  tenth-normal  oxalic  acid 
of  the  number  of  cubic  centimeters  of  standard  permanganate  repre- 
sented by  a — b.  10  cc.  of  tenth-normal  oxalic  acid  are  equivalent  to 
0.008  gram  of  oxygen  absorbed,  or  0.0623  gf^"*  o^  quercitannic  acid. 

Microscopical  Examination  of  Cloves. — Unless  the  finely  powdered, 


surrounded  by  irregularly  shaped  cells;  (3)  represents  the  epidermis 
of  the  petals,  with  crystals  of  calcium  oxalate;  a  cross-section  of  the  epi- 
dermis of  the  calyx  is  shown  at  (4);  (5)  shows  the  parenchyma,  with 
calcium  oxalate  crystals  and  with  one  of  the  slender  spiral  ducts;  (6) 
and  (7)  represent  in  cross-section  and  longitudinal  section  respectively 
the  parenchyma  of  the  middle  layers  of  Ihe  calyx,  one  of  the  rounded, 
triangular  pollen  grains  being  shown  at  (12). 


Tto.  74. — Powdered  Cloves  unik-r  the  Microscope.      X  "5-     (After  Moellcr.) 

Characteristics  of  cldvc  slems,  which  uri,-  frequently  used  as  adultcr- 
iints  of  cloves,  are  found  in  (8),  (9),  (10),  and  (n).  Stone  cells  of 
the  outer  skin  and  the  inner  ]iortion  of  the  clove  stem  are  shown 
at  (8)  and  (y)  respectively;  (10)  show's  one  of  the  vascular  duels, 
and  (11)  two  of  the  bast  fibers.  Both  the  vascular  ducts  and  ihc 
bast  fibers  arc  very  charatU'ristic  of  clove  stems.  Pure  cloves  have 
no  stone  cells  and  coniparalivcly  few  bast  fibers.  Stems  under  the 
microsc«i>c  show  a  large  number  of  bast  fibers  and  frequent  stone 
cells. 

A  plain  water- m<mnted  slide  rarely  shows  all  the  structural  details 
depicted  in  Fig.  74,  but  is   nearly  always  sufficiently  characteristic    to 
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prove  the  purity  of  the  sample.  Fig.  220,  PI.  XXV,  shows  the  actual 
appearance  of  powdered  cloves,  mounted  in  water  and  examined  under 
a  magnification  of  130.  The  general  appearance  of  the  cellular  tissue 
b  that  of  a  loose,  spongy  mass  filled  with  brown,  granular  material. 
Throughout  the  masses  of  tissue  are  to  be  seen  small  oil  globules. 

Cloves  have  no  starch  whatever.  Aside  from  the  stems,  cloves  are 
sometimes  aduhcrated  with  clove  fruit  or  "mother  cloves,"  which  have 
a  small  amount  of  a  sago-like  starch,  and  also  contain  some  stone  cells. 

Adulteration  of  Cloves. — The  U.  S.  standard  for  pure  cloves  is  as 
follows:  Volatile  ether  extract  not  less  than  10%;  quercitannic  acid,  cal- 
culated from  the  total  oxygen  absorbed  by  the  aqueous  extract,  should 
not  be  less  than  12%;  total  ash  should  not  exceed  8%;  ash  insoluble  in 
hydrochloric  acid  should  not  exceed  0.5%,  and  crude  fiber  should  not 
be  more  than  10%. 

Clove  Stems  are  very  frequent  adulterants  of  cloves  and  possess  some 
slight  pungency.  They  are  commonly  identified  under  the  microscope 
by  the  large  number  of  bast  fibers  and  stone  cells,  and  should  not  be 
tound  in  pure  cloves  in  excess  of  5%. 

All^ice,  being  considerably  cheaper  than  cloves,  is  sometimes  used 
as  an  adulterant.  It  is  readily  recognized  by  the  characteristics  described 
on  page  324. 

Other  Adulterants  commonly  found  are  cereal  starches  (especially 
com  and  wheat)  and  ginger  (for  the  most  part  "exhausted").  Besides 
the  above,  pea  starch,  rice,  turmeric,  charcoal,  sand,  pepper,  ground  fruit 
stones,  and  sawdust  have  been  found  in  samples  of  cloves  examined  in 
Massachusetts. 

Exhausted  Cloves,  both  whole  and  in  powdered  form,  are  not  infre- 
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With  the  exception  of  exhausted  cloves,  the  presence,  of  nearly 
cver>'  foreign  ingredient  is  best  and  nnost  quickly  shown  by  the  use  of 
the  microscope,  though  much  infonnation  as  to  the  purity  of  the  sample 
can  be  gained  by  the  ether  extract,  the  percentage  of  ash,  and  of  crude 
fiber.* 

Cocoanut  Shells. — Figs.  226  and  227,  PI.  XX\1I,  show  samples  of  cloves 
adulterated  with  ground  cocoanut  shells.  The  long,  spindle-shaped,  yellow- 
brown  and  deeply  furrowed  slone  cells  of  the  adulterant  with  their  thick 
walls  and  central  branching  p()rcs  are  unmistakable.  The  dark-brown 
contents  of  the  cells  turn  reddish  brown  when  treated  with  ]X)ta.ssium 
hydn)xide.  The  anatomy  of  the  cocoanut,  including  the  shell,  has  been 
carefully  studied  by  Winton.f 

Fig.  75,  after  Winton,  shows  elements  of  powdered  cocoanut  shell 
under  the  microscope,     si  arc  the  dark,  elongated,  yellow,  porous  stone 
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cells  with  ihfir  brown  contents,  these  slone  cdls  being  the  mosi  dis- 
linciivc  chaniitcnsiic  iif  the  ground  shells.  /,  sp,  and  ^  arc  the  various 
forms  of  tnicliea;  '.i-  ami  hr  are  respectively  fol()rless  and  brown  ]Jaren- 
chyma  of  the  mesocarp  or  outer  coat,  portions  of  which  always  adhere 
to  the  nutshell  and  are  ground  with  it. 

•  Nolo  (.■*[H.-i  ially  thf  sharp  distinrlion  between  these  values  in  Ihi-  case  of  pure  cloves 
anil  uf  clove  stems  in  Kiihunisim's  lablc. 

t  The  .Anatomy  of  Ihe  Fruit  uf  the  Cocoanut.     Conn.  Exp.  Sta.  Rep.,  1901,  p.  108. 
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F^.  264,  PI.  XXXVl,  shows  a  photomicrograph  of  powdered  cocoanut 
shells  mounted  in  gelatin.  The  long,  spindle-shaped  stone  cells  are 
e^tecially  apparent. 

Cocoanut  shells  are  very  common  adulterants  of  various  spices  besides 
do^\-s,  especially  of  allspice  and  pepper.  In  the  following  tabulated 
results  of  anal\-ses  by  Winton,  Ogden,  and  Mitchell  *  are  shown  the  wide 
deviation  between  the  chemical  constants  of  cocoanut  shells  and  several 
of  the  spices  in  which  they  appear  as  adulterants. 


AJIiince.     Nuti 


Total  ish.  ..^ 

.\!>h  solublr  in  iraier 

.\sh  insoluble  in  hydrochloric  add. 

\\ilatilc  rther  rxtraci 

N»n-vtiliitilr  rlhcr  extract 

Alixihol  retract 

K«dui-ing  nullrrs,  as  starch,  add 

Stan.-h  by  diastase  method 

fruJif  fiber 

Tiital  nitmiEen 

l>xyg:en  atwairlied  bj-  aqueous  ext 
yiu'n.iiuiinU-  acid  ei|uivalent 


ALLSPICE,    OR    PIHENTO. 

Nature  and  Compositian. — All'^picc  is  the  dried  fruit  of  the  Eugenia 
pimt^ltt.  an  i'\orgrccn  tree  belonging  to  the  same  family  (^fyr!ace(e) 
as  the  cKrtf.  It  is  indigenous  to  the  West  Indies,  and  is  especially  cul- 
tivatt^l  in  Jamaica. 

Tho  alUpice  Ix-rry  is  grayish  or  reddish  brown  in  color,  and  is  hard 
and  ylobular,  measuring  from  4  to  6  mm.  in  diameter,  being  surmounted 
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Though  considerably  less  pungent  than  other  spices,  aUspice  possesses 
an  aroma  not  unlike  cloves  and  cassia.  In  chemical  composition  it  most 
resembles  cloves,  containing  both  volatile  oil  and  tannin;  but,  unlike 
cloves,  it  contains  much  starch,  the  starch  being  contained  in  the  seeds^ 
The  volatile  oil  of  allspice  is  very  similar  to  clove  oil.  It  is  slightly  laevo- 
rotary,  and  is  composed  of  eugenol  and  a  sesquiterpene  not  determined. 
It  is  present  in  allspice  to  the  extent  of  3  to  4.5  per  cent.  The  boiling- 
point  of  the  oil  is  255°  C. 

Authoritative  full  analyses  of  allspice  are  even  more  meager  than 
of  cloves.  Analyses  of  one  sample  of  whole  allspice  and  five  samples 
of  the  ground  spice,  made  by  Richardson,*  are  thus  summarized: 


Whole 

Ground: 
Maximum 
Minimum 
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6.19   I   4.01    i    5.15 

«-82  I  5.53  I  3.32 
5-51  ,  3-45      1-29 
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14.83!  4.38  !      .70  1   10.97    2.8l 


23.60'  5.42 
13.45!  4.03 
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Seventeen  samples  of  unadulterated  allspice,  as  sold  on  the  Connect- 
icut market,  were  analyzed  by  Winton  and  Mitchell ,t  with  maximum 
and  minimum  results  as  follows: 


Ash. 

Maximum. 

Minimum. 

Total 

7-51 

•95 

3.50 
6.22 

4-34 
.40 

1.34 
3.78 

Insoluble  in  hydrochloric  acid  (sand).. 
KthtT  extract,  volatile 

Kther  extract,  non-volatile 

Three  samples  of  pure  whole  allspice  were  more  fully  analyzed  by 
Winton,  Mitchell,  and  Ogden  with  the  results  given  on  page  324.} 

The  Tannin  Equivalent  in  Allspice. — Tannin  is  present  in  allsi)ice, 
though  to  a  less  extent  than  in  cloves.  The  exact  amount  present  is 
rarely  determined,  but  rather  the  "oxygen  equivalent,''  or  cjuercitannic 
acid,  as  explained  on  page  317,  the  determination  being  carried  out  as 
there  detailed. 


*  U.  S.  Dcpt.  of  Agric,  Div.  of  Chem.,  Bui.  13,  p.  229. 
t  An.  Rep.  Conn.  Kxp.  Sta.,  1898,  pp.  178,  179. 
J  Ihid.t  pp.  208,  209. 
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Aih. 

Ether  Extrut. 
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3,1-98 
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31.39 
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S.7S 
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1-03 
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Microscopical  Examination  of  Powdered  Allspice. — By  soaking  the 
powder  twenty-four  hours  or  more  in  chloral  hydrate,  many  of  the  harder 
portions  are  rendered  much  more  transparent  than  would  othcnvise 
be  possible.  Fig.  76,  after  Moeller,  shows  the  microscopical  structure 
of  various  elements  that  go  to  make  up  allspice  powder. 

The  epidermis,  or  outer  layer  of  the  berry,  is  shown  at  (i)  in  cross- 
seclion,  and  in  plan  view  at  (2)  with  its  small  cells.  Just  beneath  the 
outer  coat  are  the  large  oil  spaces  (ib)  and  slill  further  below  the  stoife- 
tells  (ic).  The  fruit  paa-nchyma  {3)  has  vascular  tissues  running  through 
it.  (4)  and  (5)  arc  the  inner  ci)idermis  and  stone  cells  of  the  dividing 
jxirlilions  between  the  seeds.  Small  hairs  connected  with  the  ouler 
epidermis  are  shown  at  (6).  (7)  and  (8)  show  in  cross-section  a  portion 
of  the  seed-shell  and  inclosc-d  seed  or  cmbn,o,  with  the  starch  (811)  and 
ihe  colored  lumps  of  gum  or  resin  (Sb)  of  a  [X>r1-wine  color.     These  colored 
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Three  distinctive  features  are  especially  typical,  viz. :  First,  the  starch 
grains,  which  are  very  unifonn  in  size,  measuring  about  0.008  mm.  in 
diameter,  being  nearly  circular  as  a  rule,  and  often  arranged  in  groups 
not  imlike  masses  of  buckwheat  starch.  Ordinarily  these  masses  con- 
tain fewer  granules  than  do  those  of  buckwheat.    The  granules   are 


Fic.  76. — PowilcreJ  A11s]iic,c  under  the  Microscope,     Xus.     (After  Moeller.) 


smaller  ^ind  ninR'  iiulinfd  to  ihc  circular  than  lo  the  polygonal  form, 
while  in  many  (.asw  ihcy  have  distinct  central  hila.  The  starch  grains 
arc  vcrj'  numerous  and  are  found  in  nearly  every  field.  Sec  Fig.  195,  PL 
XIX. 

A  second  distinctive  feature  of  allspice  is  the  stone  cells,  of  which  there 
arc  many.  TViese  arc  more  often  colorless,  and  in  most  cases  very  large 
and  plainly  marked.  They  are  sometimes  seen  singly  and  at  other 
limes  grouped  together.  Frequently  they  are  attached  to  pieces  of  brown 
parenchyma. 
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The  third  and  most  characteristic  feature  of  allspice  powder  under 
the  microscope  is  the  striking  appearance  of  the  lumps  of  gum  or  resin, 
which  are  cells  of  a  more  or  less  deep  port-wine  or  amber  color.  These 
are  contained  in  the  dehcate  epidermis  of  the  seed  coat,  and  are  very 
striking,  occurring  sometimes  in  isolated  bits,  and  in  other  cases  in  aggre- 
gations of  from  2  to  4  or  even  6  to  8  cells.  These  resinous  lumps  appear 
plainly  in  Fig.  194,  PI.  XIX.  Droplets  of  oil  are  occasionally  seen,  but 
Qoi  m  profusion.  As  a  rule  the  oil  is  forced  out  of  its  large  containing 
cells  and  into  the  surrounding  tissue  by  the  process  of  dryihg. 

Adulteration  of  Allapice. — According  to  the  U.  S.  standard  for  aU- 
spice,  qucrcitannic  acid  should  not  be  less  than  8%,  total  ash  not  more 
than  t%,  ash  insoluble  in  hydrochloric  acid  not  more  than  0.5%,  crude 
fibec  not  more  than  25%.  The  most  common  adulterants  found  in 
powdered  allspice  are  cocoanut  shells  and  the  cereal  starches.  Besides 
these  the  writer  has  found  in  Massachusetts,  peas,  pea  hulls,  exhausted 
ginger,  cayenne,  olive  stones,  pepper,  and  turmeric.  To  this  list  may 
be  added  clove  stems,  which  are  on  record  as  a  not  uncommon  adulterant 
in  some  localities.  All  of  these  are  to  be  readily  recc^ized  by  a  care- 
ful microscopical  eatamination. 

CASSIA  AND  CINNAIION. 

nature  and  Composition. — The  tenns  cassia  and  cinnamon  are 
interchangeable  in  commerce,  though,  strictly  speaking,  they  represent 
two  separate  and  distinct  species  of  the  genus  Cinnamomum,  belonging 
to  the  laurel  family  {Lauracea).  True  cinnamon  is  the  bark  of  Cinna' 
momum  zeylankum,  a  tree  from  20  to  30  feet  high,  having  horizontal 
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that  it  is  of  a  much  cleaner  and  more  even  texture  than  the  cassia  bark,  which 
is  thicker  and  heavier  by  reason  of  the  outer  cork  layer  usually  left  on  it. 

The  cheaper  and  more  common  cassia  is  the  bark  of  the  Cinna- 
momum  cassia,  which  comes  from  China,  Indo-China,  and  India.  It  is 
of  a  darker  color  than  that  of  cinnamon,  of  coarser  texture,  and  as 
a  rule  about  four  times  as  thick.  Most  varieties  of  cassia  bark  are  less 
tightly  rolled  than  cinnamon,  and  are  not  arranged  one  within  the  other 
in  layers.  The  outer  surface  is  marked  by  elliptical  spots  left  by  the 
leaves,  and  by  small,  dark-brown,  wart-likc  protuberances.  Cassia  does 
not  have  the  wav>',  light-colored  lines  found  in  the  cinnamon.  Both 
cinnamon  and  cassia  barks  are  very  aromatic  in  taste,  somewhat  astrin- 
gent, and  slightly  sweet. 

Cassia  buds  are  the  dry  flower  buds  of  China  cassia,  and  are  found 
in  the  market  both  in  whole  and  in  powdered  form.  Powdered  cassia 
often  consists  of  a  mixture  of  several  varieties  of  bark,  while  the  cheaper 
grades  sometimes  contain  an  admixture  of  the  ground  buds. 

The  best  grade  of  cassia  is  that  from  Saigon,  while  the  cheapest  is 
the  Batavia  cassia. 

The  odor  of  cassia  and  cinnamon  bark  is  due  to  the  volatile  oil,  of 
which  from  i  to  2  per  cent  is  usually  found.  Cassia  and  cinnamon  oil 
greatly  resemble  each  other,  the  principal  constituent  in  either  case  being 
cinnamic  aldehyde,  CeHjCHiCH.CHO.  Besides  this,  one  or  more  esters 
of  acetic  acid  are  present.     Both  oik  are  very  pungent  and  intensely  sweet. 

Starch  is  present  in  cassia  to  the  extent  of  from  16  to  30  per  cent, 
A  verv  small  amount  of  tannin  is  found,  as  well  as  cinnamic  acid  and 
mucilaginous  matters.  Cassia  buds  arc  somewhat  similar  in  com- 
position to  the  bark.  They  have,  however,  less  starch  and  crude  fiber, 
and  higher  contents  of  volatile  oil  and  nitrogen  than  the  bark. 

Richardson  *  has  made  analyses  of  a  few  samples  of  pure  whole  cinna- 
mon and  cassia,  from  which  the  following  are  taken: 
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♦  U.  S.  Dept  of  Agric,  Div.  of  Chem.,  Bui.  13,  p.  221, 
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Winton,  Ogden,  and  Mitchell's*  results  of  analyses  of  whole  samples 
of  cinnamon,  cassia,  and  cassia  buds  are  thus  summarized: 


Maiitnum 

Minimuin 

Cassia  bkfk.  (lo  samples): 

Maximum 

Miiumum 

Cassia  buds  (i  samples); 
Average 


C^lon 

Minimum  . 

Average 

Cassia  l^rk  (: 
Maximum . 


Min 


Average 

Cassia  buds  (i  samples): 


16.74 
4. 57 

a. 29 


0.87 

0.53 
0.69 


Structure  of  Powdered  Cassia  under  the  Microscope.  —  Fig.  77, 
from  Moeller,  shows  various  elements  of  cassia  bark  as  vciwed  microscop- 
ically.    (1)  shows  in  cross-section  a  portion  of  the  cork  and  outer  layer 


SPtCES. 


3^9 


and  inner  bark  layers.  (6)  represents  a  fragment  of  a  bast  fiber,  which 
is  often  shown  in  cassia  powder  with  connecting  parenchyma-  The 
stone-cells  of  the  cork  are  shown  in  plan  view  at  (7).  Very  small,  needle- 
like crystals  of  oxalate  of  calcium  are  occasionally  to  be  seen  if  looked  for 
carefully.  They  occur  in  the  parenchyma  cells  of  the  inner  and  inter- 
mediate layers  of  the  bark. 

The   microscopical   structure   of  Ceylon   cinnamon   much   resembles 
that  of  cassia.     Cassia  starch  grains  measure  from  0.0132  to  0.0222  mm., 


Fig.  77.— Pomlcrcrl  Cas 


niicr  Ihe  Microsrojie.     X  "J.     (Afler  Mocllcr.) 


being  Li)nsidiT;ibly  hirj^iT  and  more  abundant  that  those  of  true  cinnamon. 
.As  a  rule  ihc  bast  iilx-rs  of  cassia  arc  larger,  but  shorter,  ihiin  those  of 
cinnamon,   and  provided   with   thicker  walls. 

Figs.  203  and  204, 1'l.  .\X1,  show  various  phases  of  pure  cassia  bark  as 
photographed  from  water-mounted  specimens  of  the  powder.  Cassia 
starch  somewhat  resembles  that  of  allspice,  but  it  is  not  as  a  rule  found 
in  masses  containing  as  many  granules  as  does  the  allspice  starch.  Very 
commonly  two  or  three  of  the  starch  granules  are  arranged  together  in 
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such  a  manner  that  at  first  sight  they  appear  to  form  a  single  large  granule, 
but  on  more  careful  examination  are  seen  to  be  two-  and  three-lobed, 
consisting  of  several  smaller  grains.  Stone  cells,  which  are  very  abundant 
in  the  powdered  cassia,  do  not  happen  to  be  included  to  any  extent  in  the 
photographed  fields.  Cassia  stone  cells  are  generally  more  oblong  than 
those  of  allspice,  and  are  more  often  brown  in  color,  while  the  allspice 
stone  cells  are  generally  colorless. 

A  distinctive  feature  of  powdered  cassia  consbts  in  the  long,  amber- 
colored  wood  fibers,  some  distributed  in  bundles,  and  others  arranged 
singly.     These  are  very  clearly  shonii  in  Figs.  204  and  205. 

Yellow  patches  of  cellular  tissue  with  starch  grams  interspersed 
among  them  are  very  abundant  in  the  powder. 

Adulteration  of  Cinnamon  and  Casna. — The  U.  S.  standards  for 
cassia  and  cinnamon  are  as  follows:  Total  ash  not'  to  exceed  S%;  sand 
not  to  exceed  2%. 

The  adulterants  most  commonly  found  in  these  products  are  the 
cereal  starches  and  ground  foreign  bark.  Besides  these,  the  writer  has 
found,  in  the  natural  course  of  inspection  in  Massachusetts,  leguminous 
starches,  pea  hulls,  nutshells,  turmeric,  pepper,  ohve  stones,  ginger, 
mustard,  and  sawdust. 

Ground  Bark  of  the  Common  Trees,  especially  that  of  the  elm, 
resembles  in  physical  appearance  ground  cassia,  and  b  to  be  looked 
for  as  an  adulterant.  Fig.  265,  PI.  XXXVII,  shows  the  appearance  of 
ground  elm  bark.  The  fibers  of  cassia  bark  have  starch  granules  as  a 
rule  interposed  among  them,  while  the  foreign  bark,  usually  of  a  much 
coarser  texture,  shows  no  starch  connected  with  its  structure. 

Fig.  206,  PI.  XXII,  shows  a  water-mounted  specimen  of  adulterated 
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eter,  covered  with  a  brownish-gray  epicarp,  and  having  on  the  under 
side  the  remains  of  a  short  stem.  At  the  top  of  the  berry  is  an  indistinct 
trace  of  a  style,  and  of  a  lobed  stigrfta. 

Varieties  of  black  pepper  are  named  from  the  localities  in  which  they 
grow,  as  Singapore,  Lampong,  Sumatra,  Tellicherj',  Malabar,  Acheen, 
Penang,  AUepey,  Trang,  etc. 

White  pepper  is  obtained  by  decorticating  the  fully  ripened  black 
peppercorns,  or  removing  the  dark  skin.  This  is  accomplished  by  mac- 
erating them  in  water  to  loosen  the  skin,  which  is  then  removed  readily 
by  dr}lng  and  rul^l^ing  between  the  hands.  White  whole  pepper  grains 
are  grayish  white,  and  a  trifle  larger  than  the  black  pepper  berries.  They 
are  nearly  spherical  in  shaj)e,  and  have  a  number  of  light-colored  lines 
that,  like  meridians,  run  from  top  to  bottom. 

Varieties  of  whole  white  natural  pepper  are  obtained  from  Siam  and 
Singapore,  but  are  not  frecjuently  met  with  on  the  market. 

The  pungent  taste  of  pe])per  is  due  in  great  part  to  its  essential  oil, 
a  hydrocarbon  of  the  formula  CioHig,  present  in  amounts  varj'ing  from 
0.5  to   1.7  per  cent.    Pepper  oil  contains  phellandrene  and  a  terpene. 

Another  important  constituent  of  pepper,  contributing  to  its  pun- 
gency, is  the  crystalline  base  fnperin,  CiyHigNOj,  insoluble  in  water, 
but  soluble  in  ether,  and  in  alcohol.  Starch  is  present  in  pepper  to  a 
large  extent. 

Burcker  gives  the  following  average  percentage  composition  of  black 
and  white  pepper: 
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Richardson's  *   analyses  of  three  samples  of  whole  black   and   two 
samples  of  whole   white   i)epper,   all  pure,   are  as   follows: 
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*  U.  S.  Dept.  of  Agric,  Bur.  of  Chem.,  BuL  13,  part  2,  p.  206. 
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Ricliardsoil  gives  the  followii^  variations  in  the  constituents  of  pure 
pepper: 
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McGill's  *  analyses  of  six  samples  of  whole  black,  and  five  samples 
of  whole  white  pepper,  all  genuine,  are  thus  summarized: 
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Winlon   and   Milchell's  analyses  of  ground  pepper,  sold  in  labeled 
packaf^L's  in  Connfciicul  and  pronounced  unadulterated,  arc  as  follows: 
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The  following  table  summarizes  the  results  of  full  analyses  of  pepper 
and  pepper  shells  recently  made  by  Doolittle:  * 

*  Mkh.  Dairy  uid  Food  Coaan   Bui.  94. 
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sulphate,  and  25  cc.  of  sulphuric  acid  in  a  Kjeldahl  flask,  for  both  diges- 
tion and  distillation,  of  about  600-cc.  capacity.  The  heating  is  conducted 
in  the  usual  manner,  beginning  with  a  gentle  heat  till  the  frothing  ceases, 
and  gradually  increasing  the  temperature  till  the  mixture  boils.  The 
boiling  is  continued  for  three  or  four  hours,  after  which  the  flask  is 
cooled,  and  to  it  are  added  300  cc.  of  water,  50  cc.  of  potassium  sulphide 
solution,*  and  enough  of  a  saturated  solution  of  sodium  hydroxide  to 
render  the  reaction  alkaline. 

The  flask  is  then  connected  to  the  condenser,  and  the  distillation  con- 
ducted as  in  the  Gunning  method  (p.  61),  using  zinc  dust  to  prevent 
bumping,  receiving  the  distillate  into  standard  acid,  and  titrating  against 
standard  alkali. 

Nitrogen  Determination  in  the  Ether  Extract. — Ten  grams*  of  the 
sample  arc  extracted  with  absolute  ether  for  twenty  hours  in  a  con- 
tinuous-extraction apparatus,  the  extract  being  collected  in  a  tared  Kjel- 
dahl extraction-  and  distillation-flask,  the  same  as  used  in  the  preceding 
section.  The  ether  is  then  evaporated  off,  the  residue  dried  to  constant 
weight  at  110°  C.  and  its  weight  ascertained.  The  nitrogen  is  then 
determined  in  the  ether  extract  by  the  Gunning-Arnold  method. 

Determination  of  Piperin.f — Fifty  grams  of  the  sample  are  thoroughly 
exhausted  with  hot  alcohol,  and  the  alcohol  extract  evaporated  to  dry- 
ness. The  dry  residue  is  then  treated  with  a  solution  of  potassium 
hydroxide,  and  washed  upon  a  filter.  The  residue  is  washed  several 
times  with  the  caustic  alkali,  which  dissolves  the  resinous  matters,  and 
afterwards  with  water.  It  is  then  dissolved  in  alcohol,  from  which  cnstals 
of  crude  piperin  sc{)arate  on  evaporation.  These  are  redissolved  in 
alcohol,  and  precij)itatc(l  by  the  addition  of  water.  The  crj'stalline  pre- 
cipitate is  collected  on  a  tared  filter,  washed  with  wacer,  dried,  and 
weighed. 

Pil)crin  may  be  roughly  estimated  by  multiplying  the  nitrogen  in 
the  ether  extract  by  the  factor  20.36. 

The  amount  of  piperin  varies  considerably,  ranging  in  black  pepper 
from  4  to  9  i)er  cent. 

Microscopical  Characteristics  of  Ground  Pepper. — Afoeller's  repre- 
sentation of  i)()W(lcrc(l  black  pepper  shows  what  should  be  looked  for 
under  the  niicroscoi)c  with  the  best  conditions  (Fig.  78).     The  shell  of 

the  i)epi)ercorn,  a  cross-section  of  which  is  shown  at  (i),  consists  of  the 

— ^— ^^^^^—  _^_^^^— _^^.^_^^^.^^^_— — ^^^^^— ^-^  ^ —  _ 

*  Forty  grams  K.^S  in  i  liter  of  water. 

t  Villiers  ct  Collin,  Substances  Alimentaires,  p.  371. 
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epidermis,  a,  under  which  is  a  thin  layer  of  brown  parenchyma,  c, 
while  below  this  layer  is  shown  the  raost  characteristic  portion  of 
the  pepper  shell,  viz.:  the  thickened, 
coloreS,  stone  cells,  b.  These  are  as  a 
rule  inclined  to  be  rectangular  rather 
than  rounded.  At  d  is  shown  a  bit  of 
the  colorless  parenchyma  of  the  fruit 
itself. 

(2),  {3),  and  (4)  show  a  cross-section 

of    the    outer    part    of    the  berry,    (2) 

representing  the  inner  stone-cell    layer, 

a    single    row    of    horseshoe-like    cells, 

(3)  the  thin  seed  coat,  and  {4)  the  white 

perisperm,  with  its  large  cells.     Here  and 

there  through  the  perisperm  certain  yellow 

contents  are  visible,  consisting  largely  of 

s  matter.      A  dark  resin    cell   is 

shown  at  (4).     The  ethereal  oQ,  starch, 

and   piperin    are  found    in  this  part  of 

the  bcrr^. 

(5)  shows  in  plan  view  the  mostly  rectangular  stone  cells  of    the 

pepper  shell,    resting   upon   the  epidermis    (6).     Groups   of   stone  cells 

arc  frequently  thus  found  with  portions  of  the  epidermis.     . 

The  inner  rounded,  or  cup-shaped  cells  arc  shown  in  plan  view  at 
(7)  and  the  seed  skin  at  (8),  masses  of  .starch  and  separate  starch  granules 
are  shown  at  {9),  and  cf>-stals  of  pijicrin  at  fio). 

The    bast -parenchyma    of    the    ]'epper    stem    is    shown    at    (ii), 


Fig.   78.— Powdered    Blaclt    Pepper 

under    Ihe    Microscope. 
(After  MocUer.) 
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by  no  means  as  clearly  as  by  the  use  of  chloral  hydrate.  Large  polyg- 
onal masses  of  starch  appear  grouped  as  photographed  in  Fig.  256,  PL 
XXXIV,  if  not  rubbed  out  too  fine  under  the  cover-glass.  Starch,  in- 
deed, is  the  most  conspicuous  element  of  pepper,  being  distributed  more 
or  less  evenly  throughout  the  mass.  The  powder  may,  however,  be  so 
finely  reduced  by  abrasion  under  the  cover-glass  as  to  break  up  these 
starch  masses  wholly  or  in  part,  so  that  the  granules  may  appear  in  much 
smaller  groups  or  even  singly.  Fig.  255  shows  such  a  field  under  a 
higher  magnification.  The  individual  granules  of  pepper  starch  average 
0.003  ^^-  ^^  diameter. 

Besides  the  starch,  and  next  to  it  the  most  numerous,  one  finds  in  the 
water- mounted  black-pcppcr  specimen  many  of  the  dark-yellow,  thick- 
walled  stone  cells,  patches  of  the  colored  parenchyma,  and  epidermis  of 
the  shell.  Other  elements  of  the  perisperm,  besides  the  starch,  are 
seen  in  fragments,  such  as  bits  of  resin,  small  droplets  of  oil,  pieces  of 
stems,  and  occasionally  the  needle-shaped  crj'stals  of  piperin.  Some 
of  the  rounded,  cu])-shaped  cells  are  also  usually  found. 

White  pepper  contains,  of  course,  the  same  elements,  but  without 
the  deeply  colored  stone  cells  and  other  characteristics  of  the  shell, 
which  has  been  removed  from  it. 

Adulteration  of  Pepper. — ^The  following  U.  S.  standards  for  pepper 
have  been  adopted :  For  white  pepper,  non-volatile  ether  extract  should 
not  be  less  than  6% ;  starch  should  not  be  less  than  53%  by  the  diastase 
method,  nor  less  than  56%  by  direct  inversion;  total  ash  should  not  be 
more  than  4%;  ash  insoluble  in  hydrochloric  acid  should  not  exceed  0,$%; 
crude  fiber  should  not  exceed  5%.  One  hundred  parts  of  the  non-volatile 
ether  extract  should  contain  not  less  than  4  parts  of  nitrogen.  For  black 
pepper,  which  should  be  free  from  added  pepper  shells,  pepper  dust,  and 
other  pepper  by-products,  non-volatile  ether  extract  should  not  be  less 
than  6%;  starch  by  the  diastase  method  should  not  be  less  than  22^^^,  and 
by  direct  inversion  should  not  be  less  than  28%;  total  ash  should  not 
exceed  7^^.;  and  crude  fiber  should  not  exceed  1$%-  One  hundred  parts 
of  the  non- volatile  ether  extract  should  contain  not  less  than  3.25  parts  of 
nitrogen.     The  aduherants  used  in  ground  pepper  are  many  and  varied. 

Pepper  Shells,  which  have  been  removed  from  the  white  {K^pjxir  of 
commerce,  arc  not  infrequently  ground  and  added  to  the  cheaper  grades 
of  black  jx'pper.  When  a  sample  of  black  pepper  is  shown  by  the  micro- 
scope to  contain  more  shells  in  proportion  to  the  other  elements  than 
could  be  possible  in  a  ground  whole  berry,  added  shells  are  indicated. 
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The  analyst  should,  for  comparison,  grind  in  a  mortar  single  berries  of 
various  grades,  and  familiarize  himself  with  the  appearance  of  the  ground 
powder  imder  the  microscope,  when  the  maximum  amount  of  shells 
possible  under  natural  conditions  are  present,  noting  especially  the  appar- 
ent number  of  stone  cells  of  the  outer  coating.  The  familiar  title  of  P.  D. 
(pepper  dust)  originally  given  to  ground  pepper  shells,  stems,  and  "sweep- 
ings "  is  now  applied  in  the  trade  not  only  to  almost  any  cheap  and  appro- 
priate material  for  admixture  with  pepper,  but  also,  in  a  broader  sense, 
to  ground  powder  suitable  as  an  adulterant  for  any  spice. 

Ground  Olive-stones  constitute  one  of  the  most  commonly  found  foreign 
materials  used  as  an  adulterant  of  pepper.  The  powder,  sometimes 
called  "poivrette,"  is  very  like  white  pepper  in  appearance,  is  wholly 
inert  in  taste,  and  thus  forms  an  admirable  adulterant.  While  best 
detected  by  their  characteristic  appearance  under-  the  microscope,  the 
presence  of  ground  olive  stones  may  be  shown  by  color  tests  with  certain 
chemical  reagents. 

Pabst  has  adopted  for  this  purpose  a  test  first  suggested  by  Wureter 
for  the  detection  of  wood  pulp  in  paper.  The  reagent  is  prepared  as 
follows:  In  a  porcelain  capsule  lo  grams  of  commercial  dimethyl  aniUn 
are  mixed  with  20  grams  of  pure  concentrated  hydrochloric  acid,  and 
at  least  100  grams  of  cracked  ice  are  added.  Then,  while  stirring,  a 
solution  of  8  grams  of  nitrite  of  soda  in  100  cc.  of  water  are  added  little  by 
little,  and  the  mixture  allowed  to  remain  for  half  an  hour,  after  which 
30  or  40  cc.  of  hydrochloric  acid  are  added,  and  20  grams  of  tin-foil. 
The  reduction  is  allowed  to  go  on  for  half  an  hour,  heating  on  the  water- 
bath,  if  necessary.  The  tin  is  then  precipitated  by  granulated  zinc,  the 
liquid  is  filtered,  and  the  filtrate  neutralized  with  carbonate  of  potassium 
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Jumeau  uses  for  a  color  reagent  5  grams  of  iodine  in  100  cc.  of  a  mix- 
ture of  equal  parts  of  ether  and  alcohol.  Enough  of  the  finely  ground 
pepper  to  be  examined  is  placed  in  a  porcelain  capsule  to  cover  the 
bottom  of  the  disl^  and  sufficient  iodine  reagent  is  added  to  wet  the  entire 
mass,  carefully  avoiding  excess.  The  thick  paste  is  first  mixed  till  homo- 
geneous, and  then  allowed  to  dry  in  the  air,  after  which  it  is  broken  up 
by  a  pestle,  and  the  powder  examined,  either  under  the  microscope,  or 
by  the  naked  eye.  With  pure  pepper,  a  more  or  less  deep-brown  color 
is  produced  uniformly  through  the  powder,  but  if  olive  stones  are  present, 
particles  of  these  arc  colored  yellow.  With  the  naked  eye  as  small  an 
admixture  as  2%  of  olive  stones  can  thus  be  detected. 

A  solution  of  anilin  acetate  colors  olive  stones  yellowish  brown, 
while  pure  pepper  appears  grayish,  or  white. 

Under  the  microscope  olive  stones  arc  readily  apparent,  since  the 
stone  cells  differ  in  size,  form,  and  mode  of  grouping  from  those  of  pepper. 
Fig.  263,  PI.  XXXVI,  is  a  photograph  of  a  water-mounted  specimen  of 
olive  stones.  They  are  for  the  most  part  entirely  devoid  of  color,  being 
long  and  narrow.  In  shape  and  manner  of  grouping  they  much  resemble 
cocoanut  shells  (p.  321),  but  are  distinguished  from  the  latter  from  their 
Jack  of  color. 

Fig.  261  shows  under  low  magnification  a  sample  of  pepper,  bought 
on  the  market  in  Massachusetts,  highly  adulterated  with  olive  stones. 
A  large  mass  of  the  stone  cells  of  the  adulterant  appears  in  the  center  of 
the  field.  Many  of  the  stone  cells  are  shown  arranged  end  to  end,  so 
that  what  at  first  sight  appear  to  be  single,  very  long  cells  are  in  reaUty 
made  up  of  several  shorter  ones.  In  ground  olive  stones  one  frequently 
finds,  besides  the  stone  cells,  bits  of  the  outer  tegument  of  the  seed,  show- 
ing large  cells  with  sinuous,  rather  thick  walls;  ako  bits  of  parenchyma, 
crossed  frequenlly  by  fibro- vascular  duct  bundles. 

Buckwheat  Middlings  const ilute  a  material  much  used  as  an  adul- 
terant of  pc})pcr.  The  starch  of  buckwheat  possesses  the  added  advan- 
tage, from  the  point  of  view  of  the  spice-grinder,  that  it  somewhat 
resembles  pepper  starch  in  microscopical  appearance,  not  only  in  the 
shape  of  the  starch  granules,  but  also  in  the  manner  of  grouping  into 
masses.  Compare  Figs.  128  and  129,  Plates  II  and  III,  showing  buck- 
wheat starch,  with  Figs.  255  and  256,  PI.  XXXIV,  respectively,  showing 
pepper  starch  made  under  similar  conditions  of  magnification,  etc.  The 
two  are  readily  distinguished  by  diflference  in  size.  The  starch  granules 
and  masses  are  coarser  in  the  case  of  buckwheat  than  of  pepper. 
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Fig.  260,  PI.  XXXV,  shows  a  photograph  of  a  pepper  sample  adulterated 
with  buckwheat,  masses  of  both  starches  appearing  in  the  same  field. 

Other  Adulterants  found  in  Massachusetts  samples  of  pepper  have 
been  wheat  and  com  products,  nutshells,  cayenne,  charcoal,  turmeric,  rice, 
'  sand,  and  sawdust. 

Long  Pepper,  according  to  English  analysts,  has  been  used  to  a  con- 
siderable extent  as  an  adulterant.  This  is  the  fruit  of  the  Chavica  Rox- 
burghii,  a  wild  plant  growing  in  India  on  the  banks  of  rivers.  The  fruitj 
as  its  name  implies,  is  long  and  cylindrical,  while  of  about  the  same  diam- 
eter as  the  spherical  true  peppercorns.  It  is  undoubtedly  a  form  of 
pepper,  in  that  the  fruit  contains  the  same  ingredients  as  true  pepper, 
viz.:  starch,  resin,  pipcrin,  etc.  Long  pepper  contains,  as  a  rule,  less 
than  half  (he  amount  of  piperin  that  true  pepper  docs,  and  rather  more 
starch  than  black  pepper.  Its  taste  is  much  less  pungent  than  that  of 
true  pepper. 

From  its  method  of  growth,  long  pepper  is  found  with  considerable 
dirt  and  sand  adhering  to  the  outer  surface  of  the  dried  grains.  This 
is  due  lo  the  fact  that  the  fruit  often  trails  on  the  ground,  and  in  gather- 
ing it  the  natives  are  not  particular  about  removing  the  adhering  soil. 
The  surface  of  the  fruit  grains  being  very  rough  and  irregular,  much 
of  the  dirt  remains  dried  thereon.  The  presence  of  long  pepper  thus 
materially  increases  the  ash. 

Long  pepper  possesses  a  very  disagreeable,  but  peculiar  odor,  devel- 
oped more  especially  when  slightly  warmed.  For  this  reason,  if  for 
no  other,  it  is  not  an  ideal  adulterant,  since  pepper  containing  it  would 
not  be  palatable  with  warm  food. 

Brown  gives  the  following  analyses  of  samples  of  long  pepper: 
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of  starch  granules  and  his  experience  is  shared  by  the  writer.  When 
the  two  specimens  (long  and  true  pepper)  are  viewed  side  by  side  in 
water  mounts  under  the  microscope,  the  average  size  of  the  long  pepper- 
starch  grains  is  a  trifle  larger  than  those  of  true  pepper,  though,  unless 
compared  directly,  the  diflference  is  not  readily  apparent.  Stokes  sug- 
gests a  method  of  distinguishing  the  two  by  polarized  light.  With  crossed 
Nicols,  so  that  a  dark  field  is  given,  and  with  the  specimen  mounted 
in  glycerin,  true  pepper  starch  shows  an  evenly  dark  appearance,  using 
a  low  power,  while  with  long  pepper  a  "ghostly  white''  image  is  shown. 
Long  pepper,  when  present  in  true  pepper  powder,  may  generally  be 
rendered  apparent  by  the  development  of  the  characteristic  odor  on 
heating.  It  may  also  be  detected  by  spreading  out  particles  of  the  pow- 
dered material  on  paper,  and  examining  them  with  a  magnifying-glass. 
Bits  of  fluffy  fiber  from  the  catkin  of  the  long  pepper  will  always  be  found 
in  the  ground  powder,  and  will  be  apparent  under  the  magnifying-glass. 

CAYENNE. 

Nature  and  Composition.  —  Cayenne  pepper  of  commerce  is  the 
ground  dried  fruit  pods  of  several  species  of  Capsicum,  a  genus  of  the 
nightshade  family  (SolanacecB),  indigenous  to  the  American  tropics, 
but  now  cultivated  in  nearly  all  warm  countries.  The  species  furnishing 
the  most  common  sources  of  Cayenne  pepper  are  Capsicum  anniium,  Cap- 
sicum jrutescens,  Capsicum  fastigiatumy  Capsicum  longum,  and  Capsicum 
baccatum.  The  kitchen  garden  variety  of  ordinary  red  pepper  is  for 
the  most  part  the  Capsicum  annuuniy  of  which  there  are  over  thirty 
varieties  cuhivatcd  in  the  United  States.  The  Cayenne  and  ChiH  vari- 
eties^ are  most  highly  prized,  because  of  their  pungency.  The  fruits  of 
these  are  somewhat  long  and  slender.  Other  varieties  are  of  larger  size 
and   milder. 

Paprika  or  Hungarian  red  pepper  is  a  very  mild  variety  of  Capsicum 
annuum  much  prized  on  account  of  the  intense  red  c()k)r  of  its  jxxls. 
The  {)owder  is  of  a  much  (leei>er  color  than  that  of  ordinary  varieties 
of  cavenne. 

The  capsicum  plant  has  sohtar)'  flowers,  with  a  five-cleft  corolla,  and 
the  fruit  is  of  an  elongated,  conical  form.  The  surface  of  the  fresh  fruit 
is  smooth  and  very  red,  but  it  loses  some  of  its  brilliance  in  dr}'ing,  and 
becomes  shriveled.  The  {Xiricarp  is  thin  and  tough,  and  at  its  base  is 
a  five-lobed  calyx,  greenish  brown  in  color,  terminating  in  a  thick  stem. 


341 


FOOD  INSPECTION  AND  ANALYSIS. 


The  fruit  proper  is  divided  into  two  or  three  cells,  which  are  separate 
and  distinct  at  the  lower  portion,  but  which  unite  and  form  one  at  the 
top.  The  cells  inclose  a  lai^e  number  of  yellow,  wrinkled,  kidney- 
shaped  seeds,  containing  a  fleshy  albumen,  and  a  curved  embryo. 

Cayenne  contains  a  fixed,  bland  oil,  found  in  both  pod  and  seed,  but 
more  abundantly  in  the  latter,  considerable  resinous  and  mucilaginous 
material,  a  red  coloring  matter  confined  to  the  pod,  and  the  active  principle 
capsicin,  a  crystalline  alkaloid,  to  which  much  of  the  pungency  is  due. 
The  capsicin  is  present  in  both  seeds  and  pod,  but  is  more  abundant  in 
the  latter,  where  it  is  dissolved  in  the  oiL 

Capsicin  may  be  isolated,  according  to  Thresh,  by  extracting  pow- 
dered cayenne  with  petroleum  ether,  mixii^  the  red  residue  left  on 
evaporating  off  the  solvent  with  two  or  three  times  its  weight  of  oil  of 
almonds,  and  exhausting  the  mixture  with  alcohol.  On  evaporating 
the  alcohol  extract,  the  capsicin  crystallizes  out  in  narrow,  thin  plates, 
very  soluble  in  alcohol,  but  insoluble  in  water.  They  volatilize  at  loo", 
and  condense  in  small  drops. 

The  red  coloring  matter  is  soluble  in  ether,  petroleum  ether,  carbon 
bisulphide,  and  chloroform,  but  sparingly  soluble  in  alcohoL 

Richardson  *  gives  the  following  data  of  analyses  of  two  pure  samples 
of  cayenne: 
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Winton,  Ogden,  and  Mitchell  analyzed  eight  samples,  representing 
three  varieties  of  cayenne,  with  the  following  summarized  results: 


Moisttire. 

Ash. 

Ether  Extract. 

ToUl 

Soluble  in 
Water. 

Insoluble 
inHCL 

Volatile. 

Non-vola- 
tile. 

Maximum 

7.08 
3.67 

5-73 

5.96 
5.08 

5.43 

4-93 
3-30 
3.98 

0.23 
0.05 

0.15 

2.57 
0.73 
1.35 

21.81 

Minimum 

17.17 
20.15 

Average ........... 

Maximum 
Minimum 
Average.. 


Alcohol 
Extract. 

Reducing 
Matters  as 

Starch , 
Acid  Con- 
version. 

Starch  by 
Diastase 
Method. 

Crude 
Fiber. 

1 

Nitrogen, 
X0.25. 

27.61 
21.52 

24.35 

9.31 
7.15 
8.47 

1.46 
0.80 
1. 01 

24.91 

20-35 
22-35 

14.63 

13.31 
13.67 

Total 
Nitrogen. 


2.34 

2.13 
2.18 


Microscopical  Stnicture  of  Cayenne. — ^Fig.  79,  from  Moeller,  shows 
the  appearance  under  the  microscope  of  various  elements  of  powdered 
cayenne,  (i)  is  a  sectional  view  through  the  outer  portion  of  me  fruit 
shell  or  pod,  showing  the  epidermis  a,  and  beneath  this  the  coUenchyma 
layer  b.  The  inner  epidermis  is  shown  at  (2),  with  its  cells  thick-walled 
in  places,  and  inclosing  brilliant,  red  oil  drops  of  coloring  matter.  (3) 
represents  the  outer  and  (4)  and  (5)  the  inner  epidermis  in  plan  view. 
In  (5)  the  oil  drops  are  more  clearly  shown.  The  outer  epidermis  of 
the  variety  known  as  Chillies  is  shown  at  (6). 

A  cross-section  through  the  seed  shell  is  shown  at  (7),  a  being  the 
epidermis  of  the  seed,  b  the  parenchyma  layer  directly  beneath,  and  c 
the  albumen  of  the  endosperm.  (8)  shows  in  plan  view  the  peculiar 
seed  epidermis,  the  appearance  of  which  Moeller  compares  with  that  of 
tripe.  At  (9)  is  shown  one  of  the  isolated  cells  of  the  seed  epidermis 
more  highly  magnified,  while  (10)  shows  the  epidermis  of  the  calyx. 

Figs.  211  and  212,  PI.  XXIII,  show  photomicrographs  of  powdered 
cayenne.  In  Fig.  211  is  shown  a  large  bit  of  the  outer  epidermis  of  the 
fruit  })0(1,  while  in  Fig.  212  appears  a  smaller  portion  of  this  same  kind 
of  epidermis,  and  next  to  this  the  tripe-like  skin  of  the  seed  shell,  with  its 
striking  markings  suggestive  of  the  convolutions  of  the  intestines.  Yellow 
or  yellowish-red  droplets  of  oily  coloring  matter  are  distributed  through 
the  field.     Cayenne  has  no  starch. 
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Adulteration  of  Cayenne. — The  U.  S.  standards  for  cayenne  are  the 
following:  Non-volatile  ether  extract  should  be  not  less  than  15%;  total 
ash  should  not  exceed  6.5%;  ash  insoluble  in  hydrochloric  acid  should 
not  exceed  0.5%;  starch  by  the  diastase  method  should  not  exceed 
1.5%,  and  crude  fiber  should  not  exceed  28%. 

The  most  common  aduherants  of  cayenne  are  the  starches  of  the 
cereal  grains,  com  and  wheat.  Ground  pilot  bread  and  crackers  are 
especially  common.    Besides  these  the  writer  has  found  in  the  routine 
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An  abnormally  high  ash  is  suggestive  of  adulteration.  According  to 
Vedrodi,  the  ash  of  genuine  cayenne  should  not  exceed  5.96.  The  presence 
of  red  ocher  is  rendered  apparent  by  the  high  content  of  iron. 

Salts  of  lead  and  mercury  are  rarely  if  ever  now  used  for  color. 

Ground  Redwood. — Numerous  varieties  of  redwood  are  commonly 
used  to  intensify  the  color  of  cayenne,  especially  when  otherwise  highly 
adulterated  with  colorless  materials,  such  as  the  starches.  The  redwood 
is  sometimes  used  alone,  and  sometimes  in  mixture  with  turmeric.  Both 
redwood  and  turmeric  are  readily  recognized  under  the  microscojx.\ 

Fig.  214,  PI.  XXIV,  shows  a  cayenne  sample  adulterated  with  corn 
starch  and  red  sandalwood,  a  mass  of  the  latter  filling  the  center  of  the 
field.  The  wood  fibers  of  the  dyestuff,  even  when  finely  ground,  are 
ver}'  striking  under  the  microscope,  showing  a  brick-red  color. 

Detection  of  Coal-tar  and  Vegetable  Colors. — Oil-soluble  coal-tar 
dyes  and  vegetable  colors  may  be  tested  for  in  cayenne  by  an  adaptation 
of  Martin's  butter-color  method,  shaking  the  ether  extract  of  the  sample 
with  the  alcohol  and  carbon  bisulphide  mixture,  page  434.  The  carbon 
bisulphide  dissolves  the  oil  and  natural  color  of  the  cayenne,  while  the 
overlying  alcohol  layer  would  hold  in  solution  many  of  the  artificial 
coloring  matters  that  may  be  employed. 

The  natural  color  of  cayenne  is  sparingly  soluble  in  alcohol,  but 
readily  soluble  in  carbon  bisulphide.  The  separated  alcohol  is  examined 
for  colors  by  methods  given  elsewhere. 

Szigeti*  treats  the  suspected  sample  of  cayenne  with  water  acidified 
with  acetic  acid,  and  boils  in  this  solution  a  bit  of  wool,  which,  if  carotin 
or  a  coal-tar  dye  be  present,  is  colored  red.  If  the  color  is  carotin,  it  will 
be  removed  from  the  wool  by  treatment  with  i)etroleum  ether,  or  by  heat- 
ing at  100°  C.  for  some  hours,  but  if  a  coal-tar  dye,  it  will  still  remain  fixed 
thereon. 

GINGER. 

Nature  and  Composition. — Ginger  as  a  spice  is  the  ground  rooi- 
stock  of  the  Zi)igihir  officinnlr,  an  annual  herb  of  the  family  of  Zingi- 
bcracccBj  growing  to  a  height  of  from  3  to  4  feet.  It  is  a  native  of  India 
and  China,  but  is  cultivated  (juhe  extensively  in  tropical  America,  Africa, 
and  Australia. 

The  root  is  dug  when  the  plant  is  a  year  old,  and  when  the  stem  has 

♦  Zeits.  landw.  Versuchs.  Osterreich,  1902,  5.  1208,  1222. 
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withered.  If  the  root,  when  freshly  dug  and  scalded  to  prevent  sprout- 
ing, is  dried  at  (mce,  it  fonns  the  so-called  black  gnger.  When  decorti- 
cated, it  fumishes  what  is  known  in  commerce  as  white  ginger.  The 
best  variety  of  the  latter  is  Jamaica  ginger.  The  scraped  root  b  some- 
times bleached  to  make  it  still  whiter,  or  sprinkled  with  carbonate  of 

In  comnKite  whole  or  black  ginger  appears  in  fragments  4  to  10  rm 
kmg,  and  from  to  to  15  mm.  in  diameter.  These  usually  ha\'e  three  or 
four  vaiious-sized,  irregular  branches,  s(Miie  short  and  thick,  others 
dcHigaied.  The  epidermis  is  gray  or  v^Uowish  gray  in  color,  more  or 
less  wrinkled,  and  beneath  it  is  a  reddish-brown  layer.  Tlie  inner  portion 
of  the  dried  root  is  white  or  ydlowtsh.  The  root  is  hard,  and  of  a  com- 
paa,  homy  struaure. 

White  or  decorticated  ginger  appears  in  longer  fragments,  but  of 
smaller  diameter  than  the  others,  b  less  aromatic,  and  as  a  rule  less  hi^y 
{wittd.  The  principal  part  of  the  ginger  of  commerce  ctnaes  from  Cal- 
cutta. Preserved  ginger  root  is  prepared  by  boiling  the  root  in  water, 
and  curing  with  sugar.     Much  of  the  fH^servrd  ginger  ccmes  from  Canton. 

Tbe  '<i<=»>ngiiiJiing  features  of  ginger  are  its  large  content  of  starch, 
its  ^'nl^tiL'  oQ,  and  its  icainous  matter.  Inasmuch  as  the  epidermis  con- 
tains a  large  aDoouni  of  pungent  icsin,  it  is  easy  to  see  how  the  peeled  or 
decorticated  variety  is  inferior. 

Ofl  of  ginger  is  very  art»naiic,  aitd  fA  a  grcetush-Atellow  color,  lis 
9Kci6c  gia\ ity  ranges  from  C.S75  to  0.SS5.  It  is  sli^tly  sc^uble  in  alco- 
boL     Of  its  composition  li:tle  is  known. 

Richar^feoD's  analyses  in  faD  of  me  samples  of  wfai^  ginger-rw:  are 
as  follows: 
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Ginger:   Maximum ;  11.72 

Minimum '  8.71 

Average I  10.44 

Exhausted  ginger  from  English  ginger- 
ale  works !  10.61 

Exhausted  ginger  from  extract  works..  8.02 


Ash. 


i 
^ 


9.3s 
3-61 

5.27 

2.12 

5.05 


C.3 


4.09 

1.73 
2.71 


0.59 
3.55 


2.29 
0.02 
0.44 

0.18 
1.50 


o 

E 


3-53 
0.20 

0.80 


< 


Ginger:   Maximum 1  6.58 

Minimum 3*63 


Average 

Exhausted  ginger  from  English  gin- 
ger-ale works 

Exhausted  ginger  from  extract  works. 


5.18 
4.88 


^i3 

^^3c  ■ 


62.42 

53-43 
57-45 

59.86 


60.31 


5-50 


49.051  2.37 
54.53    3.91 


54.57 


5-17 


Ether  Extract. 


9.75 
4.81 

7-74 
6.94 


> 


o 
> 


3-09 
0.96 

1.97 

1. 61 
0.13 


5-42 
2.82 
4.10 


3.86 
0.54 


u 

&> 

• 

♦^ 

4-> 

(4 

0 

5c 

CO 
u 

•0 

•— • 

6 

U3 

c 
^  o 


17-55    1-55 
10.92;  0.77 

13.42    1.23 


6.15 
16.42 


I. II 


McGill  *  records  the  analyses  of  ninety-eight  samples  of  ground  ginger 
as  sold  in  the  Canadian  market.  Of  thirty-two  of  these,  pronounced 
pure  on  analyses,  the  following  is  a  summary: 


Maximum, 
Minimum  , 


Moisture 
or  Loss 
on  Dry- 
ing at 

lOO**. 


Petro- 
leum- 
ether 
Extract. 


12.00   ^     6.1^ 
0.50 


2.78 


Cold- 
water 
Extract. 


15.48 
14.04 


Total. 


7.84 
3-67 


Ash. 


Soluble.    Insoluble. 


3.15 
2.28 


3-99 
1.96 


Alkalin- 
ity of 
Soluble 
Ash  as 
K2O. 


103 


According  to  Vogl,  I  he  proportion  of  ginger  ash  varies  quite  widely 
according  to  the  kind,  but  should  never  exceed  8^^;. 

Exhausted  Ginger  and  Methods  of  Detection. — There  are  two  kinds 
of  exhausted  ginger  commercially  available  for  admixture  with  ground 
spice,  as  an  adulterant.  One  is  the  product  left  after  extraction  with  strong 
alcohol  in  the  making  of  extract  of  Jamaica  ginger,  and  the  other  the 
residue  from  extraction  with  either  very  dilute  alcohol,  or  with  water, 


*  Dept.  Inl.  Rev.  Canada  Bui.  48,  pp.  10,  ix. 
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in  the  mamuacture  of  finger  ale  Gnxmd,  exfaau^ted  ginger  k  nr^ 
subfunued  -viic^  for  the  pure  \-aiietv,  since,  from  h~  lack  fA  pungieac>-, 
the  sO^ihisticatHn  -a^cuM  be  too  ^ipaicnt.  It  is  rather  u^  :o  :ii£x  nhh 
the  Ia:ter  in  vaiyiog  pn^rtioof,  and  aa  an  adulterant  of  other  =pu:e?- 
Ginger  that  has  been  exhausted  by  extraction  with  alcohot  has  been 
deprived  of  nuEt  <rf  its  v<datile  <hL  which  b  found  in  the  ''extract,"  whOe 
for  the  mamtfarmrf  of  ^nger  ale,  a  water  extraa,  or  at  waex.  a  Ten*  dilute 
alcohcdic  extract  is  best  adapted.  Such  a  water  extract  does,  as  a  maner 
of  fact,  mnofv  tmich  of  the  valued  put^encr,  so  that  the  residue,  or 
exhausted  ^i^er,  b  rather  inert. 

Either  the  alcohcrf'  or  the  waier-extraaed  varietr  of  exhausted  ginger, 
when  present  in  considerable  amount,  would  be  appaieni,  one  by  the 
alajhol  and  ether  extract,  and  the  other  by  the  abnormallr  low  cold- 
water  extract,  and  water'<<JubIe  ash. 

Dyer  and  Gilbard  *  &i^t  called  attenticHi  to  the  water-?oluble  ash  as 
a  reliable  means  of  indicating  exhausted  ginger.  Six  sample?  of  ginger 
of  known  purity  were  anal>'zed  by  them,  their  reults  being  summarized 
as  follows: 


Tuttpaga  'AMmpla;:  Highrsi 

EihaustM  ginger  (6  lunplcs; :  Hiahni 

Avcra^ 


stand  at  rest  for  sixteen  hours  in  addition.  The  contents  are  then  filtered, 
and  50  cc.  of  the  filtrate  evaporated  to  dryness  in  a  platinum  dish.  It 
b  then  dried  at  100°  to  constant  weight  and  weighed. 

Hicroscopical  Structure  of  Ground  Ginger. — Fig.  80,  from  Moeller, 
shows  elements  of  ginger  root,  from  which  the  cpidermb  has  not  been 


Fig.  80. — Powilcrcd  GLngcr  under  the  Mictoseope. 


(After  Moeller.) 


removed.  .\  l)it  of  the  large-celled  cork  (or  dead  protective  (issue  of 
the  epidermis)  is  shown  in  plan  view  at  (i);  at  {2}  is  shown  in  cross- 
sectinn  ihc  parenchyma  in  which  the  starch  is  contained,  h  being  an  oil- 
cell;  (3)  shows  ihc  parenchyma  in  longitudinal  section,  with  bast  fibers. 
Fragments  of  s]>iral  ducts  are  shown  at  {4},  and  starch  grains  at  (5).  (6) 
is  a  cn)ss-sfcli(in  in  ihe  e.xlR'me  interior  of  the  root. 

The  most  prominent  fi-ature  of  iX)wdered  ginger  is  the  starch  grains 
(5),  which  Moeller  comjiares  in  .shape  to  tied  sacks. 

Fig.  228,  PI.  XX\'II,  is  a  photo micro^.;raph  of  pure,  ground  ginger, 
mounted  in  water,  showing  the  staich  grains  inclosed  in  the  cells  of  the  ■ 
parenchyma.  Fig.  2,51  shows  the  starch  grains  alone.  The  granules  of 
ginger  starch  are  ellipsoidal,  and  as  a  rule  verj-  clear  and  transparent, 
being  for  the  most  part  entirely  devoid  of  either  hila  or  concentric  rings. 
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Occasionally  granules  are  to  be  found,  however,  with  faint  concentric 
marking,  and  even  with  an  apparent  hiluni.  The  characteristic  form  of 
the  ginger  starch  granule  is  more  or  less  egg-shaped,  with  a  snuill  protu- 
berance near  one  end.  This  protuberance  serves  to  readily  distinguish 
the  starch  granules  of  ginger  from  those  of  wheat,  with  which  ginger 
is  frequently  adulterated.  While  wheat  granules  are  of  various  sizes, 
the  grains  of  ginger  starch  are  as  a  rule  much  more  uniform. 

Adulteration  of  Ginger. — U.  S.  standard  ginger  should  meet  the  follow- 
ing requirements:  Starch  by  the  diastase  method  should  not  be  less  than 
42%,  and  by  the  acid-conversion  method  should  not  be  less  than  46%; 
crude  fiber  should  not  exceed  8%;  total  ash  should  not  exceed  8%; 
lime  should  not  exceed  i"^;  ash  insoluble  in  hydrochloric  acid  should 
not  exceed  3%. 

Besides  exhausted  ginger,  the  most  common  adulterants  found  in 
powdered  ginger  are  turmeric,  wheat,  com,  rice,  and  sawdust.  Sawdust 
of  soft  wood  is  a  not  imcommon  adulterant,  and  care  should  be  taken 
'lO  distinguish  between  the  wood  fiber  natural  to  the  ginger  root,  and  that 
of  the  foreign  variety.  A  careful  study  should  be  made  of  finely  ground, 
soft-wood  sawdust,  with  its  long  spindle  cells  and  lateral  pores,  as  sho^vn 
in  Fig.  266,  PI.  XXX\^I,  and  the  wood  fiber  of  the  genuine  ginger  root. 
A  laigc  admixture  of  sawdust  would  materially  increase  the  percentage 
of  crude  fiber. 

Fig.  234,  PI.  XXIX,  shows  a  sample  of  ginger  adulterated  with  com 
and  wheat.  Fig.  232  shows  a  mass  of  wheat  bran  in  an  adulterated 
sample. 

Fig.  233  shows  ginger  adulterated  with  turmeric* 
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Curcumin  (Ci^H^^O^)  is  insoluble  in  cold  water,  but  readily  soluble 
in  alcohol.  It  is  extracted  from  powdered  turmeric  by  boiling  the  latter 
with  water,  filtering,  and  extracting  the  residue  with  boiling  alcohol 
The  alcoholic  solution  is  filtered,  evaporated,  and  the  residue  extracted 
with  ether.  The  ether  extract  contains  the  curcumin,  together  with  a 
small  amount  of  volatile  oil. 

Curcuma  oil  is  an  orange-yellow,  slightly  fluorescent  liquid,  its  specific 
gra\ity  being  0.942. 

The  following  analyses  of  turmeric  were  made  in  the  writer's  labo- 
ratorv : 


Variety. 


Mois- 
ture. 


Total 
Ash. 


China 

9-03 
0.08 

Pubna 

.-Mlcppi 

8.07 

Average . 


8.73 


6.72 
8.52 
5-99 

7.07 


Ash 

Soluble 

inWatcr. 

Ash 

Insoluble 

in  HCl. 

Total 
Nitrogen. 

5.20 
6.14 

4.74 
5-36 

O.II 

•  •   •  « 

•  •  •  • 

•  •  •  • 

1-73 
0.97 

1.56 
1.42 

Protein.        Ij^Jjl 
NX  ^-5.     Extra,V 


10.81 
6.06 

9-75 
8.88 


10.86 
12.01 
10.66 

II. 17 


Variety. 


Volatile 

Ether 

Extract. 


Non-vol- 
atile 
Ether 
Extract. 


China.  . 
Pubna.  . 
Alleppi. 


Average. 


1          2. 

.01 

4. 

3' 

.42 

.16 

1 

3- 

.19 

8.84 

7.60 

7-51 
7.98 


Crude 
Fiber. 


I  Rcducinf^ 

'  Matter  by     Starch  by 


4.4s 
5.84 
5.83 

S-37 


Acid  Con- 
version, as 
Starch. 


48.69 
50.08 

50-44 
49-73 


Diastase 
Method. 


40.05 
29.56 

33-03 
34 -ai 


Microscopical  Structure  of  Turmeric. —  Mocller's  representation  of 
characteristics  of  powdered  turmeric  is  reproduced  in  Fig.  81.  The 
epidermis  is  shown  at  (i)  with  one  of  the  numerous,  one-celled  hairs  that 
grow  from  il,  also  the  scar  left  after  one  of  the  hairs  has  been  removed; 
(2)  shows  in  plan  view  the  cork  immediately  under  the  epidermis.  The 
tender-celled  parenchyma  is  shown  in  cross-section  at  (3),  and  in  longi- 
tudinal section  at  (4).  In  some  of  the  cells  of  the  parenchyma  are  found 
dark  yellow  lumps  of  resin  (//),  and  vascular  duels  (g),  but  by  far  the  most 
numerous  and  striking  contents  of  the  parenchyma-cells  are  the  bright- 
yellow  masses  of  "paste  balls''  (3a)  and  the  starch  granules,  one  of 
which  is  shown  in  (3).  See  also  Plate  XIII.  The  starch  grains  in  the 
water-mounted  powder  show  under  the  microscope  in  masses,  usually  of 
a  deep-yellow  color,  unless  very  finely  rubbed  out,  when  they  appear  for 
the  most  part  in  fragments. 
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The  wfatrie  stardi  granule  appears  scnmrtiat  in  the  Emn  of  a  dam- 
dieU,  irith  TOT  dtstioc:  maTkn^.  niieD  hagmeois  of  the  stardi  granules 
ait  caitfoOr  examined,  these  disdact  maittngs  are  <o  ?aiw^  diaiac- 
tcffidc,  ercn  in  the  smallest  pieces  commonh-  found  in  die  powdered 
umple,  35  to  ncailv  alvay^  sem  to  idend^  tfaem.  See  Fig.  171, 
PLXm. 

Ttmoeric  as  an  Adnhfiant. — ^Turmeric  is  a  material  espedallv  adapted 
br  il3  deep-jdknr  oc4or  to  intcosihr  musurd  and  ginger,  cspedaUr  vhen 
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Turmeric,  when  present  to  any  marked  extent  in  a  powdered  spice, 
may  be  detected  chemically,  by  extracting  the  material  with  alcohol, 
poiiring  off  the  latter,  and  soaking  in  it  a  piece  of  filter-paper.  Tur- 
meric, if  present,  will  stain  the  latter  yellow,  turning  red  with  alkali,  espe- 
cially apparent  after  drying.  Soak  the  yellow  paper  in  a  solution  of  borax, 
acidulated  slightly  with  hydrochloric  acid.  When  dry,  a  rose-red  color 
will  indicate  turmeric,  turning  dark  olive  when  dilute  alkali  is  applied. 

MUSTARD. 

Nature  and  Composition. — Mustard  is  the  seed  of  the  mustard  plant, 
an  annual  belonging  to  the  family  CrucijercB,  and  to  the  genus  Sinapis, 
or  Brassica,  as  it  is  sometimes  called.  The  plant  is  an  herb,  native 
throughout  Europe,  and  cultivated  extensively  in  the  United  States.  It 
grows  to  a  height  of  from  3  to  6  feet,  having  yellow  flowers  and  lyrate 
leaves. 

Two  varieties  commonly  used  are  Brassica  or  {Sinapis)  alba,  white 
mustard,  and  Brassica  (or  Sinapis)  nigra,  black  mustard,  the  ground 
spice  being  as  a  rule  a  mixture  of  the  two.  In  the  trade  these  varieties 
are  known  as  brown  and  yellow  mustard  respectively.  The  seeds  of 
both  varieties  are  globular,  those  of  the  black  mustard  being  small,  and 
of  a  dark-brown  color  on  the  outside  and  yellow  within.  White  mustard 
seeds  are  considerably  larger  than  the  black,  being  pale  yellow  in  color 
on  the  outside. 

The  surface  of  the  black  mustard  seeds  is  reticular,  and  full  of 
small  depressions,  while  the  white  variety  is  much  smoother.  There  are 
several  layers  forming  the  husk  of  the  seed  of  both  varieties,  and  within 
the  husk  is  the  yellowish-colored  kernel  or  embryo,  with  two  cotyledons. 

Both  black  and  white  mustard  contain  from  31  to  37%  ^f  fixed 
oil,  a  soluble  ferment  known  as  myrosin,  and  a  sulphocyanate  of 
sinapin.  Mustard  seeds  contain  no  starch,  and  very  little  volatile  oil 
as  such.  Black  mustard  seed  contains  sinigrin,  or  myronate  of  potash 
(not  found  in  the  white  seed),  which,  when  moistened  with  water,  forms 
by  hydrolysis  the  volatile  oil  of  black  mustard,  otherwise  known  as  allyl 
isothiocyanatc,  in  accordance  with  the  following  equation: 

KC,oH,„NSoO,+  H,0  =  CeH„0.  +  C.H.CNS  +  KHSO,. 

Potassium  Glucose  Mustard  Potassium 

myronate  oil  bisulphate 

Mustard  Oil  (volatile)  is  a  colorless,  or  slightly  yellow,  highly  refrac- 
tive liquid  of  a  very  strong  odor,  and  capable  of  bhstering  the  skin  when 
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brought  in  contact  with  it.  It  is  optically  inactive.  Its  specific  granty 
varies  between  i,oi6  and  1.030.  It  boils  between  148°  and  156*.  It 
turns  reddish  brown  by  exposure  to  light. 

Volatile  oil  of  black  mustard  fonns  thiosinamine  with  ammonia,  as 
foUows: 

C^CNS+NH,=CS.NH,.NH.C,H,. 

Thiosinamine  is  soluble  in  hot  water,  from  which  it  crystallizes  ia 
tufts  of  monodinic  crystals,  having  a  melting-point  of  74°  C.  It  is  pre- 
cipitated by  silver  nitrate,  mercuric  chloride,  and  Mayer's  solution. 

White  mustard  differs  from  the  black  in  containing  a  sulphur  com- 
pound, sinaMn,  C»H„NAO„.  This  is  a  glucoside.  Sinalbin  by  hy- 
drolysis forms  an  oil  of  white  mustard,  in  a  somewhat  similar  manner 
to  the  potassium  myronate  of  black  mustard,  and  according  to  the  follow- 
ing equation: 

C»H„NAO„-l-  H,0  -  C,H,ONCS  +  C  ^,,0, + C„H„NO.HSO,. 

SiulbiD  Sinalbin  GlucoM  Sinapinscid 

mustard  oil  luJphaK 

Sinalbin  Mustard  Oil  cannot  be  obtained  by  the  distillation  of  white 
mustard,  being  sparingly  volatile  with  steam. 

Sinalbin  mustard  oil  somewhat  resembles  that  from  black  mustard, 
being  quite  as  pungent,  but  less  strong  in  odor  when  cold.  It  is  soluble 
in  dilute  alkali. 

Fixed  oil  of  mustard  is  a  bland,  tasteless,  and  nearly  odorless  oil,  its 
specific  gravity  at  15°  varying  between  the  limits  of  0.914  to  0.918.  It 
is  said  to  be  used  to  some  extent  as  an  adulterant  of  table  oils,  being 
separated  by  pressure  from  the  crushed  mustard  seeds  before  the  latter 
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mustard  is    molded   together  into  thin,  hard  plates,  called  **  mustard 
cake."    This  is  then  broken  up  and  reduced  to  fine  powder  by  pounding. 
Richardson's*   analyses   of    whole-seed   flour,   prepared  by   himself 
without  the  removal  of  the  fixed  oil,  are  as  follows: 


0; 


While  seed 

White  flour 

Seed  husk 

California  yellow. 
California  brown. 
English  yellow  . . . 
Trieste  brown.  . . , 


< 


5-57 

4-29 

-97 

3-33 

5-23 

1.84 

6.17 

4-99 

•55 

4-83 

5-96 

1.27 

4. II 

4.88 

1-35 

3-II 

4.07 

2.06 

4.62 

5.61 

•63 

^6 


33-56 

34-83 
28.12 
31.96 
36.63 

31-51 

39-55 


0 


I 


ua 


.Q.^ 
^O 


•0.5 


00 

5-40 

28.88 

00 

9.05 

25-56, 

00 

9-50 

23-44 

00 

8.50 

31-13 

00 

16.18 

24.69 

00 

6.90 

30-25 

00 

10.84 

25.88 

21.33 

20.16 

27.23' 
16.35 

12.16, 
22.10 

18.87 


a 

be: 
O 


4.62 
4.09 

3-75 
4.98 
3-95 
4.84 
4.14 


Winton  and  Mitchell  made  no  full  analyses  of  mustard  seed  of  known 
purity,  but  the  following  is  a  summary  of  analyses  of  18  samples  of  com- 
mercial mustards,  sold  in  packages  in  Connecticut,  and  not  found  to  be 
adulterated: 


Maximum 
Minimum 
Average.. 


Total 
Ash. 


7.35 
4.81 

5-99 


Ether  Extract. 


Volatile. 


Non-vol- 
atile. 


1.90 
0.00 
0.56 


38.10 
17.14 
30.61 


Reducing 
Matters 
by  Acid 
Conver- 
sion, as 
Starch. 


6.12 

1-85 
4-33 


Starch 

by 
Diastase 
Method. 


Crude 
Fiber. 


2.08 
0.28 
1.07 


4.87 
1.58 
2.58 


Nitrogen 
X6.a5. 


43-56 
35-63 
39-57 


The  following  analyses  of  5  samples  of  mustard  flour,  6  samples  of 
mustard  hulls,  and  6  samples  of  whole  mustard,  were  made  in  the  author's 
laboratory  in  1903: 


*  U.  S.  Dept.  of  Agric,  Div.  of  Chem.,  Bui.  13,  part  2. 
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Piesse  and  Stansell  give  the  following  composition  of  mustard  ash: 


Potash 

Soda 

Lime 

Magnesia 

Iron  oxide 

Sulphuric  at  id  . 

Chlorine 

Phosphoric  acid 

Silica 

Sand 

Charcoal 


White  Seeds. 


Yorkshire. 


31.39 

0.18 

13.46 

8.17 
1. 18 
7.06 

O.II 

32.74 
1. 00 
1.82 

12.82 


99-85 


Cambridge. 


18.88 
0.21 

9-34 
10.49 


1 
7 


03 
16 


o.  12 

35.00 

1. 12 

1.95 
15 -M 


100.48 


Brown  Seeds. 


Cambridge. 


21.41 

0-35 

13-57 
10.04 

1.06 

5.56 


0.1 


3: 


20 


1. 41 
1.38 

7-57 


99.70 


Determination  of  Myronate  of  Potassium  and  Sinapin  Suiphocyanate.*^ 

— Extract  at  least  50  grams  of  the  powdered  material  with  several  por- 
tions of  a  mixture  of  equal  parts  of  water  and  alcohol,  digesting  with  the 
aid  of  heat  in  a  flask  with  a  return-flow  condenser.  Evaporate  the 
alcoholic  extract  in  a  tared  dish  to  dryness,  and  heat  at  105°  to  constant 
weight.  After  weighing,  incinerate  the  residue  at  a  temperature  suf- 
ficiently high  to  transform  to  the  neutral  sulphate  the  potassium  bisulphate 
resulting  from  the  decomposition  of  the  myronate.  The  weight  of 
myronate  of  })otassium  is  obtained  by  multiplying  the  weight  of  neutral 
sulphate  (the  final  ash)  by  the  factor  4.77.  This,  deducted  from  the 
total  weight  of  the  dried  alcoholic  residue  as  above,  gives  that  of  the 
sulphoryanate   of  sinapin. 

Determination  of  Mustard  Oil  in  Mustard  Flour. — Roescfs  Method.^ 
— Mix  5  grams  of  the  sam])le  with  60  cc.  of  water  and  15  cc.  of  6o^'(  alcohol, 
and  let  stand  for  two  hours.  Distil  into  a  flask  containing  10  cc.  of 
ammonia,  and,  after  about  two-thirds  of  the  solution  have  been  distilled 
otT,  mix  the  animoniacal  distillate  with  10  cc.  of  tenth-normal  silver 
nitrate  solution,  and  allow  the  mixture  to  stand  for  twenty-four  hours, 
after  which  make  up  with  water  to  100  cc.  Filter,  and  treat  50  cc.  of 
the  filtrate  with  5  cc.  of  tenth-normal  potassium  cyanide  solution.  Titrate 
the  excess  of  ( yanide  with  the  tenth-normal  silver  nitrate,  using  as  an 

indicator  a  5'Vj  solution  of  {)otassium  iodide,  made  slightly  ammoniacal. 

-^-^ —        —       -  - -^^^-^^— ^-^.^  ^— ^— ._^— ^— ^— ^_^___^_^^^^^^_^^^^^^_  ^^— -^^^^^^^^^^^ 

*  Girard  ct  I)uj)rec  Anah'sc  des  Matibres  Alimcntaires,  p.  678. 
f  Abs.  Analyst,  XXVII,  1902,  p.  197. 
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The  percentage  of  mustard  ofl  present  is  found  Iw  multiply- 
ing by  2  the  number  of  cubic  centimeters  of  silver  nitrate  sohition 
taken   up    by    the    oil,   and    multipK-ing  this   product  by  the  factor 

0.3137- 

ICciosa^cal  Characteristics  of  Powdered  Mustard.— The  principal 
[  powdered  black  mustard  are  represented  in  Fig.  83.  The 
seed  shell  or  hull  is  shown  in  cross-section 
at  (i),  (J  bcii^  the  polygonal-celled  epi- 
dermis, h  a  layer  of  palisade-shaped  cells, 
and  c  a  thin  pigment  layer,  the  bronTi 
coloring  matter  of  which  is  colored  blue  by 
iron  salts;  d  ts  the  glutinous  layer  and  ob- 
scure parenchyma,  and  e  the  small-celled 
tissue  of  the  cotyledons,  containing  iasA  oil 
and  albumen. 

(2^  shows  in  plan  \iew  the  \-arious 
layers  of  the  seed  shell,  the  letters  of 
reference  corresponding  to  those  of  n'. 

(3>  shows  in  plan  view  a  bit  of  the 
extreme  outer  mucilaginous  laver  of  the  seed- 
hull. 

Fig.]  247,  PI  XXXII.  sbow5  the  ap- 
pearance In  water-mount  of  pure  groimd 
mustard.  This  is  a  pbotomicrogiaph  of  the  groimd  hulled  seed  with- 
out the  extraction  of  the  oil,  and  should  not  be  taken  as  a  standard 
for  commercial  mustard  '"flour."  from  which,  as  a  rule,  a  large  por- 
tion of  the  oQ  has  been  removed.     The  cellular  tissue  of  the  mustard 


no.  81.  — Powdered  Mnsnid 
under  the  MicTOKopc.  XiiS- 
(.\ilM  MocBer.) 
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Adulteration  of  Mustard. — U.  S.  standards  for  mustard  are  as  follows : 
Starch,  by  diastase  method,  should  not  exceed  2.5%  and  total  ash  should 
not  exceed  8%. 

It  is  difficult  to  draw  the  line  between  the  amount  of  mustard  hulls 
which  may  naturally  occur  in  ground  mustard,  and  the  excess  amount 
which  is  sometimes  added  as  an  adulterant.  Samples  in  which  the 
patches  of  hulls  predominate  in  number  over  the  regular  cellular  tissue 
of  the  seed,  as  seen  under  the  microscope,  arc  undoubtedly  adulterated 
by  the  fraudulent  admixture  of  ground  hulls,  that  have  been  separated 
out  from  the  crushed  mustard  seeds  intended  for  higher  grades.  Samples 
of  mustard  flour  thus  adulterated  are  common.* 

In  determining  starch  in  mustard,  it  should  be  borne  in  mind  that 
mustard  hulls  have  considerable  reducing  matter  by  the  diastase  process. 

The  most  common  adulterants  of  mustard,  other  than  excess  of  hulls, 
are  wheat,  turmeric,  millet  and  other  weed  seed,  and  rice.  Yellow,  oil- 
soluble  azo-dyes  are  also  employed. 

Other  adulterants  found  in  Massachusetts  have  been  potato  starch, 
cayenne,  com,  and  gypsum  or  ** terra  alba"  (the  latter  being  found  in 
one  instance  to  the  extent  of  21%). 

Fig.  250,  PL  XXXIII,  shows  a  sample  of  mustard  adulterated  with 
wheat  bran.    Very  little  besides  the  adulterant  appears  in  this  field. 

The  common  practice  of  adulterating  mustard  with  wheat  is  an  out- 
growth of  the  old  notion  that  a  certain  amount  of  wheat  flour  was  neces- 
sary to  prevent  lumping. 

Samples  of  cheaper  mustard  flour  are  occasionally  found  to  contain 
small  amounts  of  wheat  and  foreign  starch,  apparently  of  accidental  occur- 
rence. This  is  undoubtedly  due  to  the  fact  that  in  some  localities  wild 
mustard  often  grows  in  the  wheat-fields,  so  that  after  the  wheat  crop  has 
been  harvested,  the  mustard  is  gathered  and  sold.  Such  mustard  seed 
would  naturally  contain  var}'ing  admixtures  of  wheat,  and  sometimes  seeds 
of  various  weeds,  which  it  would  not  be  profitable  to  separate  out,  even 


*  It  is  claimed  })y  some  manufac  turers  that  the  hulls  thus  removed  arc  not  used  as  an 
adulterant  of  cheaper  mustard  flours,  in  view  of  the  fact  that  it  is  difTicult  or  imfK)Ssible  to 
grind  them  finely  enough,  but  that  they  arc  used  up  in  the  manufacture  of  compound  mus- 
tard pastes.  A  samjjlc  of  ground  mustard  was  recently  found  by  the  writer,  in  which  it 
was  notice(i  that  a  large  numl)er  of  yellow  lumps  were  distributed  through  it.  These  lumj>s 
were  picked  out,  traii.sf<*rre<l  to  the  microscope  slide,  and  crushed  and"  rubbed  out  under 
the  cover-glass.  Examined  under  the  microscope,  they  were  found  to  consist  entirely  of 
a  mixture  of  mustard  hulls  and  turmeric,  which  would  seem  to  show  that  hulls  were  present 
in  this  case  as  an  adulterant. 
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if  it  were  possible  to  do  so.  Such  contaminated  mustard  enters  into  the 
manufacture  of  the  cheapest  grades  of  flour  only. 

Fig.  249,  PI.  XXXin,  shows  the  flour  of  the  Dakota  brown  mustard, 
which  is  o^e  of  the  most  common  of  these  wild  varieties. 

Detection  of  Coloring  Matter.*— Turmeric  is  best  detected  by  the 
microscope  (see  pp.  351  and  352).'  Oil-solubte  coal-tar  dyes  should  be 
tested  for  as  in  the  case  of  cayenne. 

NUTUEG   AND  UACE. 

Hftture  and  Composition. — Both  nutmeg  and  mace  occur  in  the  fruit 
of  several  varieties  of  trees  of  the  genus  Myristka,  especiaUy  of  the  Myri- 
stica  fragrans  or  Myristka  moschata,  belonging  to  the  family  Myrisli- 
cacea.  The  nutmeg  tree  is  a  native  of  the  Malay  archipel^o,  and  grows 
from  20  to  30  feet  high,  somewhat  resembUng  the  orange  tree  in  appear- 
ance. It  does  not  produce  flowers  till  its  eighth  or  ninth  year,  after  which 
it  bears  fruit  constantly  for  many  years.  The  fruit  is  a  globular,  pendant 
drupe,  about  5  cm.  in  diameter,  of  a  yellowish-green  color,  the  pericarp 
of  which,  when  ripe,  splits  in  two,  showing  within  it  the  kernel,  completely 
surrounded  by  a  fleshy,  fibrous  aril,  or  covering  of  a  crimson  color.  This 
covering,  when  dried,  furnishes  the  mace  of  commerce,  while  the  inner 
kernel,  which  is  a  hard,  brown  seed,  is  the  nutmeg. 

The  nutmeg  seed  or  kernel,  when  gathered,  is  surrounded  by  a  thick 
tegument,  marked  with  depressions  corresponding  to  the  lobes  of  the 
aril  or  mace,  and  by  a  second  thin,  inner  envelope,  closely  adhering  to 
the  seed.  The  whole  seed  is  dried  in  the  sun  for  about  two  months,  or 
by  the  aid  of  heat,  the  tegument  becoming  separated  from  the  kernel. 
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Liming  is  alleged  to  be  practiced  for  the  purpose  of  preventing  sprout- 
ing of  the  seed. 

Nutmegs  are  spheroidal,  sometimes  nearly  spherical,  from  20  to  25 
mm.  long  and  15  to  18  mm.  in  diameter.  The  outer  surface  is  some- 
what furrowed.  The  interior  is  composed  of  hard  albumen,  grayish 
brown  in  color,  and  oily.  A  cross-section  of  the  kernel  presents  the 
appearance  of  numerous  wavy,  dark-brown  lines  on  the  surface  of  the 
section.  Near  the  end  of  the  nutmeg,  which  is  attached  to  the  stem, 
is  a  small  cavity,  in  which  is  the  undeveloped  embryo,  with  two  cotyledons. 

Nutmeg  contains  a  considerable  amount  of  fixed  oil,  a  volatile  oil, 
starch,  and  albuminous  matter.  Its  volatile  oil  is  colorless,  and  is  soluble 
in  three  parts  of  strong  alcohol.  The  specific  gravity  of  nutmeg  oil 
varies  between  0.865  ^^^  0.920,  and  its  specific  rotary  power  (a)2>=i4 
to  28. 

Richardson's  analyses  of  three  samples  of  nutmeg  are  as  follows : 


Whole  limed 

Ground  lime<l 

Ground 


Water. 

Ash. 

Volatile 
Oil. 

Fixed 

Oil  or 

Fat. 

Starch, 
etc. 

Crude 
Fiber. 

Albu- 
minoids. 

6.08 

4.19 
6.40 

3-27 
2.22 

3.15 

2.84 

3.97 
2.90 

34.37 

37.30 
30.98 

36.98 
40.12 

41.77 

11.30 
6.78 

9.55 

S.16 
5.42 

5.25 

Nitro- 
gen. 

.83 
.87 
.84 


Konig  gives  the  following  minimum  and  maximum  composition  of 
nutmeg : 


Miniinum.  Maximum. 


Water 

Albuminoids. . 

Volalilc  oil 

Fat 

Carbohydrates 

Cellulose 

Ash 


4.2 

5-2 

2.5 

31.0 
29.9 

6.8 
2.2 


Winton,  Ogdcn,  and  Mitchell  analyzed  four  samples    of   nutmeg  of 
known  purity,   the  following  being  maximum  and  minimum  resuUs: 


Ash. 


lithcr  Extract. 


Moisture. 


Total. 


Maximum •     10.83 

Minimum '       5-79 


3.26 
2.13 


I 

Soluble  in  I    Insoluble       xr^i-*;!- 
Water.     '     ii.  HCl.         Volatile. 


1.46 
0.87 


N«  in-vola- 
tiU'. 


36.94 
28.73 
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Alcohol 

Crude 

Fiber. 

Nitrogen 

^A. 

'7.38 
10.4a 

17.19 

a4.io 
.4. fa 

l:ll 

6!s6 

I. OS 

HicroBcopical    Structure   of    Nutmeg.     (Fig.  83.) — The  thin-walled 
cells  of  the  parenchyma  of  the  endospenn  or  albumen  are  shown  at 
(i),  with  starch  grains.      Simple   and  com- 
pound  granules  of  the  starch  are  shown  at 
(2).      AleUFone  grains    appear   as   shown   at 
(3) ,    and   {4)   represents   in    plan    view    the 
epidermis,    or    brown    seed    coat ,    with    its 
numerous    layers    of    flat    cells.      Powdered 
nutmeg    under    the    microscope    in    water- 
mount    shows    most    commonly    a    sponge- 
like, loose    meshwork  of  bruised  or  broken 
Fh).   83.— Powdered    Nutmeg    cellular  tissue,   with    many   starch    granules, 
TLiJ  M    j^"^"**'     "^'    and  occasional  fragments  of  the  epidermis. 

Fig.  240,  PI.  XXX,  is  a  photomicrograph 
of  a  water-mounted  sample  of  pure  nutmeg.  The  starch  granules  of 
nutmeg  are  different  from  other  starches  in  appearance,  being  almost 
circular  as  a  rule,  quite  uniform  in  size  (averaging  0.006  mm.  in 
diameter),  and  having  very  distinct  central  hyl- 

Adulteration    of    Hutmeg.  —  The    U.    S.    standards    for    nutmegs 
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An  inferior  variety  is  known  as  the  Macassar  nutmeg.  This  lacks 
much  of  the  agreeable  pungency  of  the  better  grades. 

Mace. — The  crimson-colored  aril  that  surrounds  the  nutmeg  kernel 
within  the  pericarp,  as  above  described  (p.  360),  has  many  narrow,  flattened 
lobes.  In  the  process  of  drying  to  form  the  mace  of  commerce,  it  loses 
its  brilliant  red  color,  and  turns  a  yellowish  brown.  When  dried,  it  is 
brittle,  somewhat  translucent,  and  of  a  pungent  odor.  Whole  mace 
appear  on  the  market  in  the  form  of  flat  membranous  masses,  3  to  4  cm. 
long. 

It  contains  no  starch  as  such,  but  has  a  modified  form  of  starch  known 
as  amylodextrin.  This  is  a  carbohydrate,  C3oH6203i-fH20,  which  pro- 
duces with  iodine  a  red  coloration.  Mace  has  a  large  amount  of  fixed 
oil,  as  well  as  considerable  resinous  and  albuminous  matter,  and  a  vola- 
tile oil  which  much  resembles  that  of  nutmeg. 

The  specific  gravity  of  volatile  oil  of  mace  is  rather  higher  than  that 
of  nutmeg  oil.     Its  specific  rotary  power,  (a)^=ioto2o. 

Konig's  figures  for  the  composition  of  mace  are  as  follows: 


( 


Water 

Albuminoids 

Volatile  oil 

Fat 

Carbohydrates  .  , 

Cellulose 

Ash 

Alcoholic  extract 


Minimum. 


Maximum. 


4.9 

17.6 

4.6 

6.1 

4.0 

8.7 

18.6 

29.1 

41.2 

44.1 

4.5 

8.9 

1.6 

4.1 

45-1 

55-7 

Richardson  gives   the   following  as  the  results  of  analyses  of  three 
samples  made  by  him: 


Water. 


Ash. 


Whole  mac  e 5 .  67        4.10 

Ground  ma((' 4.86        2.65 

Ground  mace 10.47         2.20 


Volatile 
Oil. 


Resin. 


27.50 
29.08 

23.33 


Unde- 
ter- 
mined. 


41.17 

35-50 
34.68 


Cnide 
Fiber. 


8.93 
4.48 
6.88 


Alhu-    I    Nitro- 
minoids.      Ren. 


4.55 
6.1^ 

5.08 


•73 
.98 

,81 


Winlon,  Ogden,  and  MitchelPs  analyses  of  fonr  samples  of  pure  Banda 
or  Penang  mace,  as  well  as  of  Bombay  and  Macassar  mace,  are  sum- 
marized as  follows: 


3^4 
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Aid). 

Biher  Extnct. 

TotaL 

^Sr!" 

»? 

VoUtiU, 

NoD-vol>- 
tile. 

Traemace:  Maxunum 

Mac«sar..."~::::: 

xa.04 

9.78 

0.3a 

'-•3 

1-37 

0.07 
0.03 
0.07 

8.6; 
6.37 

4  "65 

»3-7!" 
31.63 
3».48 

53-54 
59.81 

Alcohol 

"'^itli" 

Starch  by 

Crude 

Nitrogen 

NiTra'in 

Tiue  mace:  Maximum. . . . 
Minimum 

24.76 

33.07 

44.37 

34-43 

36.77 
31-73 

:a:fo 

30-43 
8.,8 

H.5I 

3-85 
3.94 
3- 20 
4-57 
3.11 

7.00 
6.»5 
6.47 

'a 

1-03 

Bombay  (adullerant) 

0.81 

■  The  fiKute*  in  Ihi*  eolun 


expms  Btuch,  but  unylD-dextrin,  iriiich  Uke  it 


Microscopical  Structure    of   Hace. — Fig.    84  shows   characteristics  of 

mace,   (i)  being  a   cross-section   through   it,    (2)    a    plan    view  of    the 

epidennis,    showing     its    elongated,    often 

nearly  rectangular  cells,  and  (3)  the  large- 
celled  parenchyma,  in  which  are  numerous 
oil  globules.  The  contents  of  the  paren- 
chyma cells  are  for  the  most  part  color- 
consisting  of  albumen,  fat,  and 
granules  of  amylodcxtrin,  which  are  shown 
are   shown   fra 
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3%  of  total  ash;  nor  more  than  0.5%  ash  insoluble  in  hydrochloric  acid; 
nor  more  than  10%  of  crude  fiber. 

Turmeric  and  cereal  starches  are  not  uncommonly  found  in  mace, 
but  by  far  the  most  common  adulterant  is  the  so-called  false,  or  wild 
mace,  otherwise  known  as  Bombay  mace. 

Bombay  Mace  {Myristica  fatua)  is  almost  entirely  devoid  of  odor 
or  taste,  being  nearly  as  inert  as  so  much  starch.  It  is  most  properly 
regarded  as  an  adulterant  from  its  lack  of  pungency,  even  though  in  a 
sense  it  is  a  variety  of  mace. 

Its  non-volatile  ether  extract  is  twice  as  high  as  that  of  Pcnang  mace, 
and  at  room  temperature  the  fixed  oil  of  Bombay  mace  is  a  thick  and 
viscous  fat,  while  that  of  Penang  and  other  maces  is  a  thin  oil. 

The  refractive  indices  of  the  fixed  oils  of  various  species  of  pure,  as 
well  as  of  Bombay  mace,  as  determined  by  Lythgoe  in  the  writer's  labora- 
tory, are  as  follows: 

tiD  at  35°  C. 
Banda  Mace  (i) i  .4848 

(2) 1.4747 

(3) 1.4829 

Batavia  Mace         (i) 1-4893 

(2) 1.4975 

Papua  Mace  (i) i  .4816 

(2).-.. 1-4795 

West  Indian  Mace  (i) i  .4766 

Bombay  Mace        (i) 1-4615 

(2) 1-4633 


II  i  i 


The  microscope  indicates  at  once  when  Bombay  mace  is  present 
in  a  sample.  The  oil  glands  situated  in  the  outer  layers  of  Bombay  mace 
are  vcr\'  strongly  colored,  and  contain  a  deep-red,  resinous  substance, 
ver\'  different  from  anything  to  be  found  in  true  mace.  The  glands  of 
the  more  interior  layers  of  wild  mace  have,  moreover,  a  balsam-like 
substance  of  a  bright -yellow  color.  In  powdered  Bombay  mace,  when 
mounted  in  water,  nearly  ever\'  field  shows  both  the  red  and  the  yellow 
lum})s  in  considerable  number. 

Hcjelmanns  Test  jor  Bombay  Mace  *  consists  in  saturating  a  strip 
of  filter-pa{)er  with  an  alcoholic  solution  of  the  mace,  and  removing  the 
excess  of  liquid  by  pressure  between  filter-paper.     On  treating  with  a 

*  Pharm.  Zeit.,  1891. 
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drop  of  dilute  sodium  or  potassium  hydroxide  solution,  a  red  color  is 
produced  in  presence  of  the  wild  mace. 

Turmeric  is  tested  for  chemically  as  on  p.  353. 

Macassar  Mace  is  sometimes  designated  as  wild  mace,  but  it  is  by 
no  means  as  inert  as  the  Bombay  variety,  and  possesses  a  slight  mace- 
like odor.  Its  taste,  while  distinctive,  is  not  that  of  true  Penang  mace. 
It  is  distinctly  an  inferior  article,  and  its  volatile  oil  content,  as  shown 
by  the  analyses  on  p.  364,  is  considerably  below  the  minimum  for  true 
mace. 
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CHAPTER  Xn. 
EDIBLE  OILS  AND  FATS. 

Nature  and  Pn^rties. — The  oils  and  fats  are  the  glycerin  salts  or 
glycerides  of  the  fatty  adds,  the  most  important,  on  account  of  their 
occurrence  in  nearly  all  fats  and  nils,  being  the  triglycerides  of  oleic, 
palmitic,  and  stearic  adds,  known  as  olein,  palmitin,  and  stearin, 
respectively. 

Fats  and  oils  are  insoluble  in  water,  and  are  almost  insoluble  in  cold 
95%  alcohol,  though  they  are  somewhat  soluble  in  absolute  alcohol. , 
They  are  readi!y  soluble  in  ether,  petroleum  ether,  chloroform,  amyl 
alcohol,  oil  of  turpentine,  and  carbon  bisulphide. 

Following  is  a  list  of  the  fatty  acids  whose  glycerides  are  found  in 
edible  oils  and  fats,  together  with  their  melting-  and  boiling-points  when 
these  have  been  determined,  and  the  oils  and  fats  in  which  they  occur. 

ACIDS  OF  THE  ACETIC  SERIES  CJI„0,* 
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ACIDS  OF  THE  OLEIC  SERIES  C»Han_,0^ 


Name. 

Pormiila. 

Melting- 
point. 

BoiHng- 
point. 

Occurrence  in  Oils  and  Pats. 

Hypogx'ic 

Oleic 

Iso-oleic  *  . . . . 

Rapic 

Erucic 

CibHjoO^ 

Q8H34O2 
^18^3403 
CaaH^aOa 

33° 
14° 

44-45° 

•   ■   ■  • 

33-34° 

236° 
232.5** 

•  •  •  • 

•  •  •  • 

264** 

Peanut. 

Nearly  all  fats  and  oils. 

Rape  and  mustard. 

1 (                it                     €i 

ACIDS   OF  THE   LINOLEIC   SERIES   CnIl2n-402. 


Name. 

Formula. 

MeltmR- 
P'jint. 

BoilinR- 
FK)int. 

Occurrence  in  Oils  and  Fats. 

Linolcic ...... 

C-i.sHajOj 

Under- i8°C. 

Olive,  cottonseed,  peanut,  sesame, 
cocoa  butter,  poppy  seed,  sun- 
flower. 

*  Solid  oleic  acid. 


Saponification  of  Fats  and  Oils. — By  this  term  is  meant  the  decom- 
position of  the  glyccridcs  composing  the  fats  or  oils,  whereby  the  tri- 
atomic  alcohol  glycerin  and  the  fatty  acids  are  separated.  The  sapon- 
ification process  is  conmionly  applied  in  carrying  out  many  determina- 
tions of  value  on  fats  and  oils,  such  as  those  of  the  soluble  and  insoluble 
fatty  acids,  the  Reichert  value,  etc.  As  commonly  carried  out,  the  tri- 
glycerides are  first  split  up  into  glycerin  and  the  soluble  soaps  of  the  fatty 
acids  by  the  action  of  caustic  alkali,  usually  in  solution  in  alcohol.  This 
part  of  the  process  in  the  case  of  a  given  oil,  composed,  for  example,  of 
stearin,  olein,  and  palmitin,  is  illustrated  as  follows: 

(i)  C3H3(C,3H3303)3+3KOH=C^5(OH)3+3K(C,«H3,0,) 

Stearin  or  Glycerin  Potassium 

triKlyceryl  stearatc 

stcarute 


(2)  C3H,fC,A,05),+  3K0H 

Palmitin  nr 

triKlv(.i*ry! 

palmitate 


C3Hs(OH),+  3K(C,.H„O0 

Potassitim 
palmitate 


(3)  C,U,(C,  ,H„0,)  +  3KOH = C3H,(OH)3+ 3K(C„H,,0,) 

Olein  or  tri-  Potassium 

glyceryl  oleate  oleate 

These  '*s()aj)s, "  or  potassium  salts  of  the  fatty  acids,  are  further  decom- 
posed by  I  he  action  of  sulphuric  acid  into  the  free  fatty  acids  and  potas- 
sium  sulphate,  in  the  case  of  potassium  stearate,  as  follows: 

2K  (C,,n,p,)  +  H,S04  -  K,S04+  2H(C,,H«OJ 

Potassium  stearate  Stearic  add 
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Analysis  of  Edible  Oils  and  Fats. — No  class  of  food  products  presents 
more  difficulties  in  the  analyst  than  the  fats  and  oils,  in  that  the  various 
physical  and  chemical  constants  by  which  one  derives  information  as 
to  their  nature  or  purity  differ  within  such  wide  limits  that  it  is  not  easy 
to  prescribe  absolute  standards.  Many  elements  enter  in  to  cause  this 
variation,  chief  among  which  are,  in  vegetable  oils,  the  large  number 
of  varieties  of  fruits  or  seeds  from  which  each  oil  is  in  different  localities 
obtained,  as  well  as  the  various  grades  of  each  oil  with  respect  to  refining. 
In  the  animal  fats,  butter  and  lard,  the  quality  of  the  food  on  which  the 
animal  is  reared  undoubtedly  influences  the  chemical  constants  of  the 
fat,  and  in  all  fats  and  oils  much  depends  upon  their  age,  and  the  con- 
ditions under  which  they  are  kept  as  to  temperature,  exposure  to  light  and 
air,  etc. 

Rancidity  is  undoubtedly  an  oxidation  process,  due  to  the  action  of 
air  and  light  rather  than  to  that  of  ferments  or  micro-organisms,  as  was 
formerly  supposed.  It  seriously  affects  various  constants,  and  care 
should  be  taken  by  the  analyst  to  keep  all  samples  in  a  dark,  cool  place 
and  as  far  as  possible  in  tight  containers. 

As  a  rule  rancidity  develops  more  readily  in  the  liquid  oib  in  which 
the  olein  predominates  than  in  the  solid  fats,  which  are  composed  more 
largely  of  palmitin  and  stearin. 

Judgment  as  to  Purity  of  a  given  oil  or  fat  should  not  be  hastily  given. 
It  is  sometimes  comparatively  easy  to  prove  the  presence  and  approx- 
imate amount  of  an  adulterant,  the  various  constants  all  serving  to  identify 
it  without  fail.  Again,  in  some  cases  it  is  easy  to  pronounce  the  sample 
adulterated,  without  being  able  to  definitely  state  the  exact  nature  of 
the  adulterant.     The   tests  to  be  employed   depend  on   the   particular 
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A  Steam-  or  hot- water-jacketed  funnel  as  represented  in  Fig.  85  is  con- 
venient for  filtering  fats,  or,  in  the  absence  of  this  contrivance  for  keepmg 
the  fat  in  a  molten  condition,  a  hot  funnel  may  be  employed,  the  filtering 
being  best  conducted  in  a  warm  closet  or  oven« 

Portions  of  the  fat  for  the  various  determinations  may  be  measured 
oflE  with  a  pipette  while  the  fat  is  still  hot,  but  a  much  better  way  is  to 


Fig.  85. — ^Jacketed  Funnel  for  Hot  Filtration. 

cool  the  fat  (over  ice  if  necessary),  and  to  weigh  the  desired  amounts  in 
the  solid  state.  This  can  ver}^  readily  be  done  by  placing  a  flat  platinum 
or  other  dish  on  the  scale-pan,  covering  it  with  a  moderately  thick,  cut 
filter-paper  somewhat  larger  in  diameter  than  the  dish  and  designed  to 
lie  flat  upon  it,  and  taking  the  tare  of  both  dish  and  filter.  The  solidified 
fat,  after  mixing  with  a  stirring-rod,  is  transferred  in  one  or  more  por- 
tions to  the  middle  of  the  filter,  and  the  exact  weighed  amount  is  obtained, 
after  which,  by  carefully  handling  the  edges  of  the  filter  and  folding  in 
the  latter,  the  fat  ^vith  the  filter  may  be  transferred  to  a  flask  or  other 
receptacle. 

Specific  Gravity. — ^The  specific  gravity  of  liquid  oils  is  most  con- 
veniently taken  either  at  room  temperature  or  at  15.5^,  being  always 
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best  referred  to  the  latter.  Either  the  hydrometer,  Westphal  balance, 
Sprengel  tube,  or  pycnometer  are  employed,  according  to  the  degree  of 
accuracy  required.  If  taken  at  any  other  temperature  than  15.5",  say 
at  room  temperature,  T,  the  specific  gravity  may  be  computed  at  15.5" 
by  the  formula 

G=G'+/r(r-is.5)* 

m  which  G  is  the  specific  gravity  at  15.5°,  C  the  specific  gravity  at  7^, 
and  K  a  factor  varying  with  the  different  oiis  as  follows: 


FACTORS  FOR  CALCULATING  SPECIFIC  GRAVITY. 


OiL                                 t> 

7r=lr 

00D658 

000619 

000610 
000624 

A.  H.  AUen 
C.  M.  WctheriD 
C.  M.  Stillwell 
A.  H.  Allen 

S.r<;ii;:::::;;:;;:;:::: 

Unless  the  most  accurate  work  is  necessary,  it  is  sufficient  to  assume 
in  all  cases  Jt=o.ooo64,  in  which  case  the  formula  becomes  G  =  G'-\- 
O.ooo64(r-i5.s). 

In  the  case  of  solid  fats,  it  is  most  convenient  to  take  the  specific 
gravity  of  the  melted  fat.  This  may  be  done  at  any  temperature  above 
the  melting-point  by  cither  of  the  instruments  above  described,  or  at  the 
temperature  of  boiling  water  by  the  Westphal  balance  or  pycnometer. 

When  the  pycnometer  is  used,  it  is  immersed  in  a  waicr-bath,  the 
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FACTORS  FOR  CALCULATING  SPECIFIC  GRAVITY. 


Pats. 

Correction 
for  1°  C. 

Cocoa  butter 

0.000717 
.000675 
.000650 
.000617 
.000674 
.000642 
.000657 

Tallow 

Lard 

Butter  fat 

Cocoanut  stearin 

Cocoanut  oil 

Palm  nut  oil 

Either  the  Westphal  balance  or  the  hydrometer  may  be  used  directly  on 
the  melted  fat,  carefully  recording  the  temperature  and  calculating  as  above. 

For  making  the  determination  with  the  Westphal  balance  at  the  tem- 
perature of  boiling  water,  the  melted  fat  is  contained  in  a  vessel  immersed 
in  a  boiling  water-bath,  and  kept  sufficiently  long  to  acquire  that  tem- 
perature, which  is  carefully  noted. 

A,  O.  A.  C.  Method.'*' — The  pycnometer,  being  perfectly  clean,  is 
first  weighed  with  the  stopper,  after  which  it  is  filled  with  freshly  boiled, 
hot,  distilled  water  and  placed  in  a  bath  of  boiling  water,  where  it 
is  kept  for  half  an  hour,  replacing  any  loss  by  evaporation  in  the  flask 
with  boiling  distilled  water.  The  stopper  of  the  pycnometer,  previously 
heated  at  100°,  is  then  inserted,  and  the  flask  removed  and  wiped  perfectly 
dry.  It  is  then  allowed  to  cool  nearly  to  room  temperature,  and  weighed 
on  the  balance  when  the  temperature  is  the  same  as  that  of  the  room. 

The  flask,  being  again  perfectly  clean  and  dry,  is  filled  while  hot  with 
freshly  melted  and  filtered  hot  fat,  free  from  air-bubbles,  and  kept  for 
half  an  hour  in  a  boiling  water-bath,  after  which  the  stopper,  previously 
healed  as  before  to  100°,  is  inserted,  and  the  flask  taken  from  the  bath 
and  wij)L'(l  dry.  It  is  then  allowed  to  cool  and  weighed  when  the  tem- 
perature of  I  he   room  has  been  reached. 

The  sjK'cific  gravity  is  calculated  by  dividing  the  weight  of  the  fat 
by  the  weii^lit  of  the  water  previously  found. 

Having  once  obtained  ihe  weight  of  the  flask  and  the  weight  of  a 
volume  of  water  contained  therein  when  at  boihng  temperature,  these 
figures  can  be  constantly  used  without  redetermination,  if  the  flask  is 
cleaned  thoroughly  each  time. 

Calculation  of  Proportions  of  Two  Known  Oils  in  Mixture.f — This 
may  be  roughly  accomplished  from  the  specific  gravity  of  the  mixture 
and  of  the  oils  known  to  compose  it. 

*  U.  S.  Dept.  of  Agric,  Bur.  of  Chcm.,  BuL  65,  p.  21. 
t  Villiers  et  Collin,  Lcs  Substances  Alimentaircs,  p.  646. 
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Let  G  =  specific  gravity  of  mixture, 

D  and  D"  -=  specific  gra\'ity  of  the  two  oils, 

and  >r= %  oil  of  specific  gravity  D. 

"   D-iy   ' 


ThenX  = 


EDIBLE  On^S  AND  FATS  ARRANGED  IN  ORDER  OF  SPECIFIC  GRAVITY. 


C0CO&  butter  . 
MultcHi  uUow. 
Beef  "    . 

Bgtter 

L»rd 

Poppyseed  oil. 
Sunflower  oil  . 

Com  oil 

Cottonseed  cul 
Seunne  <^.  ... 
Peviut  ml.  . . . 
Muitard  oQ. . . 
Olive  oil 


The  Viscosity,  or  degree  of  fluidity  in  the  case  of  edible  oils,  is  of  less 
importance  than  in  the  case  of  lubricating  oils,  and  gives  little  insight 
into  the  nature  or  purity  of  the  sample. 

Hence  a  discussion  of  various  viscosimeters  and  their  use  will  not 
be  included  here,  but  reference  is  made  to  Lewkowitsch  *  for  information 
regarding  them, 

Helting-poiot. — A  piece  of  small  glass  tubing  is  drawn  out  to  a  cap- 
illai^-  oijen  at  both  ends,  and  this  b  inserted  into  a  beaker  of  the  fat,  melted 
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level  of  the  water  in  the  flask,  as  shown.  The  water  in  the  flask  is  then 
heated  very  gradually,  so  that  the  rise  of  temperature  as  shown  by  the 
thermomeler  does  not  exceed  0.5°  C.  per  minute,  the  exact  temperature 
at  which  fusion  of  the  fat  occurs  being  recorded  as  the  melting-point. 

The  flame  is  then  removed,  and  the  temperature  at  which  the  fat 
solidifies  is  noted  as  ihe  solidifying-point. 

The  mean  of  two  or  three  determinations  is  usually  taken  as  the  true 
melting  and  solidifying-points. 


Fro.  86. 

'  Determining  Meltutg-point. 


;  right,  .-nlarKi'd 


Fic,  87. 

Capillary    tube    with   enclosed 


scried  for  Quick  Eva])oratioi 


Reichert-Meissl   process   for  volatile  Fatty  Acids.— This 

process  h;is  unilcrconL-  various  modifications  from  limf  to  time.  Rcichcrt 
oriffinally  iisfd  2.5  grams  of  fal,  but  Mcissl,  who  improved  the  process, 
used  5  grams,  so  thai  the  Reichcrt-Meis.sl  number  is  now  expressed  on 
the  ba>is  of  5  grams  of  fat.  The  method  is  conveniently  carried  out  as 
follows: 

Five  grams  of  the  fat  are  transferred  to  a  dry,  clean  Erlenmeyer  flask 
of  about  300  cc.  capacity,  10  cc.  of  95%  alcohol  are  added,  and  2  cc.  of 
sodium  liydro.vide  solution  (prepared  by  dissolving  100  grams  of  sodium 
hydroxide  in  100  cc.  of  water).    The  flask  with  its  contents  is  then  heated 


376  FOOD  INSPECTION  AND  ANALYSIS. 

on  a  water-bath  with  a  funnel  in  the  neck,  which  satisfactorily  replaces 
the  return -flow  condenser  originally  prescribed.  The  heating  is  con- 
tinued with  occasional  shaking  till  saponification  is  complete.  This 
stage  of  the  process  is  indicated  by  the  appearance  of  the  solution,  which 
is  then  perfectly  clear  and  free  from  fat  globules. 

The  condenser-funnel  being  removed,  the  contents  of  the  flask  are 
next  evaporated  by  continued  heating  over  the  bath  to  dryness.  This 
may  be  hastened  by  inserting  a  card  in  the  neck  of  the  flask,  as  shown 
in  Fig.  87,  thus  starting  a  circulatory  movement  to  the  air  through  the 
flask. 

The  dry  soap  thus  formed  is  then  dissolved  by  warming  on  the  water- 
bath  with  135  cc.  of  added  water,  shaking  the  flask  occasionally.    After 
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tion  is  conducted  by  so  grading  the  heat  that  the  receiving  flask  is 
filled  with  the  distillate  in  about  thirty  minutes. 

Finally  the  entire  distillate  is  titrated  with  decinormal  sodium  hydrox- 
ide, using  0.5  cc.  of  a  solution  of  phenolphthalein  as  an  indicator.  The 
number  of  cubic  centimeters  of  decinormal  alkali  required  to  neutralize 
the  acidity  of  the  distillate  from  5  grams  of  the  fat  in  the  manner  described 
expresses  what  h  known  as  the  Rcichert-Meissl  number. 

Lejjniann  and  Beam's  Modification* — Five  grams  of  the  fat  placed  in 
the  flask  arc  treated  with  20  cc.  of  a  solution  of  soda  in  glycerin  (20  cc. 
of  a  50%  solution  of  sodium  hydroxide  in  180  cc.  of  glycerin),  heating  the 
flask  till  the  contents  arc  completely  saponified.  The  solution  becomes 
perfectly  clear,  showing  complete  saponification  in  about  five  minutes, 
after  which  135  cc.  of  water  are  added  to  the  clear  soap  solution,  at  first 
drop  by  drop  to  prevent  foaming;  5  cc.  of  the  dilute  sulphuric  acid  are 
then  added,  and  the  distillation  conducted  at  once  without  first  melting 
the  fatty  acids. 

EDIBLE  OILS  AND  FATS  IN  THE  ORDER  OF  THEIR  REICHERT-MEISSL. 

NUMBER. 


Butter 

Cocoanut  oiL 
Cocoa  butter. 

Corn  oil 

Lard 

Cottonseed  oil 
Sesame  oil.  .. 

RafH.'  oil 

Olive  oil 

Beef  tallow.  . , 


Lowest. 


24.5 
6.65 

•  •  •  • 

1-32 


0.70 
0.58 


Highest. 


32 
7.8 

•  •  •  • 

5-0 


1.20 
0.90 


Average. 


28.25 

7.2 

3-2 
3.16 
1. 10 

0-95 

0-95 
0.74 
0.60 

0-5 


Determination  of  Soluble  and  Insoluble  Fatty  Acids. — A,  O,  A.  C. 

MdJiod.j — Soluble  Acids. — Five  grams  of  the  fat  are  weighed  out  and  trans- 
ferred lo  an  Erlenmeyer  llask  of  the  same  size  and  in  the  same  manner 
as  that  used  for  the  Reicherl-Meissl  process.  50  cc.  of  alcoholic  j)oiash 
solution  lire  ciddrd  (40  grams  of  potassium  hydroxide  in  i  Iher  of  95^^ 
redistilled  alcohol)  and  the  flask,  provided  with  a  return-flow  condenser, 
is  healed  on  the  water  ])alh  till  saponification  is  complete,  as  evidenced 
by  the  clear  solution  free  from  fat  globules.  The  alcoholic  solution  of 
potash  is  preferably  measured  from  a  pipette,  from  which  it  is  allowx»d 
to  drain  for  a  noted  interval  of  time,  say  thirty  seconds. 

*  LetTmann  and  Beam,  Select  Methods  of  Food  Analysis,  p.  146. 
t  U.  S.  Dept.  of  Agric,  Div.  of  Chem.,  BuL  46,  p.  47. 
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Aft^r  complete  saponification,  the  condenser  is  removed  and  the 
alcohol  is  evaporated  by  further  heating.  One  or  more  blanks  arc  prc- 
pan;d  at  the  same  time,  using  the  same  50-cc.  pipette  for  measuring,  and 
applying  the  same  time  limit  for  draining  the  pipette.  The  blanks  are 
first  titrated,  after  evaporation,  with  half-normal  hydrochloric  acid, 
using  phenolphthalein  as  an  indicator.  Then  add  to  the  flask  contain- 
ing the  fatty  acids  i  cc.  more  of  the  half-normal  acid  than  is  found  neces- 
sary to  neutralize  the  alkali  in  the  blanks,  after  which  the  flask  is  again 
heated  with  a  funnel  in  the  neck  till  the  fatty  acids  have  completely  sepa- 
rated in  a  layer  on  top  of  the  solution.  Then  cool  the  flask  in  ice  water 
till  the  &tty  acids  arc  solidified,  after  which  decant  the  liquid  portion 
through  a  filter,  previously  dried  in  the  oven  and  weighed,  into  a  liter 
flask,  keeping  the  solid  mass  of  fatty  acids  intact.  Next  add  300  or  300 
cc.  of  hot  water  to  the  flask  containing  the  fatty  acids,  and  again  melt 
over  the  water-bath  till  they  collect  as  before  on  top,  having  again  inserted 
the  funnel  to  act  as  a  condenser,  and  occasionally  shaking  the  contents 
of  the  flask  during  heating.  Cool  as  before  in  ice  water,  after  which 
again  decant  the  liquid  from  the  solid  mass  through  the  same  filter  into 
the  titer  flask.  Repeat  this  process  of  washing,  melting,  cooUng,  and 
decanting  three  times,  receiving  all  the  wash  water  through  the  same 
filter  in  the  same  flask.  Make  up  the  washings  with  water  to  the  liter 
mark,  and,  after  mixing,  two  portions  of  100  cc.  each  are  titrated  with 
tenth-normal  sodium  hydroxide,  using  phenolphthalein  for  an  indicator. 
Each  reading  is  multiplied  by  ten  to  represent  the  total  volume,  and  the 
figure  thus  obtained  represents  the  number  of-  cubic  centimeters  of  tenth- 
normal alkali  necessary  to  neutralize  the  acidity  of  the  soluble  fatty  acids, 
together  with   the  excess  of  half-normal  acid  used,  amounting  to  i  cc. 
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cator,  and  weighed.  After  once  heating  for  two  hours,  cooling,  and  weigh- 
ing, heat  again  for  half  an  hour,  cool,  and  weigh.  If  a  considerable  loss 
in  weight  is  found,  heat  for  an  additional  half-hour.  It  is  best,  however, 
to  avoid  too  prolonged  heating,  lest  oxidation  of  the  fatty  acids  should 
produce  an  increase  in  weight. 

Hehner^s  Method, — Transfer  the  fatty  acids  left  in  the  original  ErlcA- 
meyer  flask  to  the  thoroughly  wet,  tared  filter,  washing  out  the  flask 
with  hot  water,  thus  bringing  all  the  fatty  acids  upon  the  filter,  which, 
if  of  good  quaUty  and  thoroughly  wet  beforehand,  will  retain  them.  If, 
however,  oily  particles  are  noticed  in  the  filtrate,  they  may  be  solidified 
by  cooUng  in  ice  water,  and  afterwards  removed  by  a  glass  rod  and  trans- 
ferred to  the  filter.  After  draining  dry,  the  funnel  is  immersed  in  cold 
water  to  solidify  the  fatty  acids,  and  the  filter  containing  them  is  trans- 
ferred to  a  weighed  dish,  which  is  dried  for  two  hours  in  the  oven  at  ioo°, 
cooled  in  the  desiccator,  and  weighed,  subtracting  the  weight  of  the 
dish  and  filter. 

EDIBLE  OILS  AND  FATS  ARRANGED  IN  ORDER  OF  INSOLUBLE  FATTY 

ACIDS. 

Mustard  oil 96.2  to  95. x 

Cottonseed  oil 96      "95 

Com  oil 96      * '  93 

Lard 96      "93 

Peanut  oil 95 -^ 

Sesame  oil 95-7 

Beef  tallow 95-6 

Mutton  tallow 95-5 

Poppysced  oil 95-2  "  94.9 

Rai)e  oil 95. i 

Sunllower  oil 95 

Olive  oil 95 

Cocoa  butter 94-6 

Cocoanut  oil 90       **  88.6 

Butter 89.8  **  86.5 

Saponification  Number.  —  Koettstorfer's  Method.  —  By  the  saponifi- 
cation number  is  meant  the  number  of  milligrams  of  potassium  hydroxide 
necessary  to  completely  saponify  i  gram  of  the  fat.  Between  i  and  2 
grams  of  the  fai  are  transferred  in  the  usual  manner  (see  p.  371)  to  an 
Erlenmeyer  llask,  and  25  cc.  of  the  alcoholic  potash  solution  (40  grams  of 
potassium  hydroxide  in  i  liter  of  95%  alcohol)  are  added  with  a  graduated 
pipette,  which  is  allowed  to  drain  for  a  noted  period  of  time,  say  thirty 
seconds.     The  determination  should  preferably  be  made  in  duplicate. 
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Conduct  the  saponificatioD  as  in  the  case  of  the  soluble  fatty  acids  hf 
heating  on  the  water-bath.  After  saponification,  remove  from  the  bath, 
cool,  and  titrate  with  half-nonnal  hj-drochloric  acid,  using  phenolpbthal- 
etn  af  an  indicator,  "niraie  also  sewral  blanks  in  which  25  cc.  of  the 
akobolic  potash  siidulion  aie  measured  out  with  the  same  pipette  as  before, 
and  aQow  to  drain  for  the  same  arooimt  of  time.  Subtract  the  numbet 
of  cubic  centimeteis  of  half-normal  add  necessary-  to  neutralize  tbe  alkali 
in  tbe  case  of  tbe  saponined  fat  from  that  necessair  to  neutralize  Ibe 
blank,  muhiph-  tbe  resuh  by  2S.06,  and  dinde  tbe  product  by  tbe  niunbei 
of  grams  of  £u  taken. 


C  X  «  S.r«r 
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(3)  Starch  paste,  prepared  by  boiling  i  gram  of  starch  in  200  cc.  of 
water  for  ten  minutes,  then  cooling. 

(4)  Potassium  Iodide  Solution^  made  by  dissolving  150  grams  of  the 
salt  in  water,  and  making  up  the  volume  to  i  liter. 

(5)  Potassium  Bichromate  Solution  for  standardizing  the  thiosulphate, 
made  by  dissolving  3.874  grams  of  chemically  pure  potassium  bichromate 
in  distilled  water,  and  making  up  the  volume  to  i  liter. 

The  sodium  thiosulphate  solution  is  standardized  as  follows:  20  cc. 
of  the  potassium  bichromate  solution  are  introduced  into  a  glass- stoppered 
flask  together  with  10  cc.  of  potassium  iodide  and  5  cc.  of  strong  hydro- 
chloric acid.  Then  slowly  add  from  a  burette  the  sodium  thiosulphate 
solution,  till  the  yellow  color  of  the  solution  has  nearly  disappeared,  after 
which  a  little  of  the  starch  paste  is  added,  and  the  titration  carefully  con- 
tinued to  just  the  poiot  of  disappearance  of  the  blue  color.  The  reaction 
which  takes  place  is  as  follows: 

KaCr^O^-f  14HCI+  6KI  =  2CrCl,+  8KCl+6I-t-  yHjO. 

The  equivalent  of  i  gram  of  iodine  in  terms  of  the  thiosulphate  solu- 
tion is  found  by  multiplying  the  number  of  cubic  centimeters  of  the  latter 
solution  required  for  the  above  titration  by  5. 

If,  for  example,  16.4  cc.  of  the  thiosulphate  solution  are  required 
for  20  cc.  of  the  bichromate  solution,  then  i  gram  of  iodine  is  equivalent 
to  16.4X5  =  82.0  cc.  of  sodium  thiosulphate  solution,  or  i  cc.  of  the  thio- 
sulphate solution  =^V  =  0.0122  gram  of  iodine,  i  cc.  of  exactly  deci- 
normal  thi()sul})hate  is  theoretically  equivalent  to  0.0127  gram  of  iodine. 

Method  oj  Procedure. — Place  i  gram  of  the  solid  fat,  or  from  0.2  to 
0.4  gram  of  oil,  in  a  glass-stoppered  flask  or  bottle  of  300  cc.  capacity. 
In  the  case  of  oils,  this  may  conveniently  be  done  by  difTerencc,  weigh- 
ing first  a  small  quantity  of  the  oil  in  a  beaker  with  a  short  piece  of  glass 
tubing  to  ser\'e  as  a  pipette,  transferring  a  number  of  drops  of  the  oil 
from  the  beaker  to  the  bottle,  and  again  weighing  the  beaker  and  con- 
tents. The  numIxT  of  drops  of  oil  required  for  the  desired  weight  is 
first  ascertained  exi)erimentally.  Dissolve  the  oil  in  10  cc.  of  chloro- 
form, and  after  solution  has  taken  place,  add  30  cc.  of  the  i(xline  solution, 
shake,  and  set  tlie  flask  in  a  dark  place  for  three  hours,  shaking  occasion- 
ally. When  ready  for  the  titration,  add  20  cc.  of  the  potassium  iodide 
solution  (the  purpose  of  which  is  to  keep  in  solution  the  mercuric  iodide 
formed,  which  would  otherwise  precipitate  on  dilution)  and  100  cc  of 
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distiU«l  water.  Titrate  the  excess  of  todioe  by  the  thiosulphate  solution, 
which  is  slowly  added  from  a  buiette  till  the  yellow  color  has  nearly  dis- 
appeared, after  whidi,  by  the  addition  of  a  little  starch  paste,  the  final 
few  drops  of  tfaiosulphate  are  added  to  dispel  the  blue  color.  Near  the 
end  of  the  reaction  the  flask  should  be  stoppered  and  ngorously  shaken, 
in  order  that  all  the  iodine  may  be  taken  up,  and  sufficient  thiosulphate 
should  be  added  to  prevent  a  reappearance  of  any  blue  color  in  bve 
minutes. 

Two  Uanks  are  omducted  at  the  same  time  and  in  ^mibr  flasks  or 
bottles,  in  exactly  the  same  manner  as  in  the  case  of  the  abo^'%  titration, 
except  that  the  fat  is  omitted.  This  is  to  get  the  true  value  of  the  iodine 
solution  in  tcnns  of  the  thiosulphate  solution. 

Suppose,  for  example,  in  the  case  of  the  blanks,  30  cc  of  the  iodine 
solution  required  in  one  instance  46.1  cc  of  fodium  thiosulphate  solution, 
and  in  the  other  46.5  cc.  The  mean  is  46.3.  Suppose  15.1  cc.  of  thio- 
sulphate solution  nvre  required  for  the  excess  of  iodine  remaining  over 
and  abo\'e  thai  absorbed  by  i  gram  of  the  fat  in  the  abo\'e  process.  Then 
the  thiosulphate  cqui\'aknt  to  the  iodine  absorbed  by  the  fat  would  be 
46.3 —  15.1- 31.}  cc,  and  the  per  cent  of  iodine  absorbed  would  be  3i.3X 
oloi  33  X 100 -^  3S.06. 


EDIBLF  OILS  AND  F.\TS  .UtlUNGED  IX  ORDER  OF  THEIR  HtBL  NfMBER. 


EDIBLE  OILS  AND  FATS, 


383 


and  the  length  of  time  required  to  insure  saturation  of  the  oil  with  the 
iodine. 

Of  late  two  other  methods  have  come  into  prominence,  viz.,  the 
Wijs  and  the  Hanus.  The  reagents  in  both  these  methods  hold  their 
strength  for  months  without  change,  and  the  time  required  for  carrying 
out  the  reaction  in  the  case  of  most  of  the  edible  oils  and  fats  is  very  short. 

Of  the  three  methods,  that  of  Hanus  has  the  advantage  of  greatest 
simplicity  in  the  composition  and  preparation  of  the  chief  reagent. 

Tolman  and  Munson*  have  shown  that  with  oils  and  fats  having 
iodine  numbers  below  100,  the  three  methods  give  practically  identical 
figures,  while  with  oils  having  high  iodine  numbers,  the  Wijs  and  Hanus 
methods  give  higher  results  than  the  Hiibl,  but  are  doubtless  more  nearly 
correct. 

The  following  arc  comparative  results  of  the  three  methods:* 
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Hanus'  Method.! — Reagents. — Iodine  Solution, — Dissolve  13.2  grams 
of  pure  iodine  in  i  liter  of  pure  glacial  acetic  acid  (99%),  and  to  the  cold 

♦Jour.  Am.  Chem.  Soc,  25  (1903),  p.  244. 

t  Zcits.  f.  Untcrs.  Nahr.  u.  Genus.,  4  (1901),  p,  913,    Also  Hunt,  Jour.  Soc.  Chem.  Isd. 
ax  (1902),  p.  454. 
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solution  add  3  cc.  of  bromine,  or  sufficient  to  practically  double  the  halo- 
gen content  when  titrated  against  the  thiosulphate  solution,  but  with 
the  iodine  slightly  in  excess. 

Decinormal  Thiosulpkale  Solution,  Starch  Paste,  and  Potassium  Iodide 
Solulion,  as  in  Hubl's  method. 

Method  0}  Procedure. — Proceed  as  in  Hiibl's  method,  substituting 
30  cc.  of  the  Hanus  iodine  reagent  for  that  of  Hiibl,  stirring  the  solu- 
tion before  adding  the  water,  and,  instead  of  adding  20  cc.  of  the 
potassium  iodide  solution,  use  only  10  cc. 

Only  half  an  hour  is  required  for  full  saturation  of  the  oil  by  the 
iodine  in  the  Hanus  method,  as  against  three  hours  in  the  Hiibl.  In 
case  of  the  non-dr\ing  oils  and  fats,  the  reaction  takes  place  in  from 
eight  to  fifteen  minutes,  though  it  b  best  to  let  the  flask  set  for  half  an 
hour  at  least,  in  all  cases.  With  oils  having  an  iodine  number  in  excess 
of  100,  Tolman  and  Munson  recommend  one  hour's  standing. 

On  account  of  the  high  coefficient  of  expansion  of  acetic  acid,  care 
should  be  taken  that  the  temperature  is  the  same  when  the  iodine  solu- 
tion is  measured  for  the  blank  and  for  the  determination,  as  otherwise 
a  serious  error  may  be  introduced. 

Wijs's  Method.* — Reagents. — Iodine  Solution. — Dissolve  13.2  grams 
of  pure  iodine  in  i  liter  of  pure  glacial  acetic  acid,  and  pass  through  the 
larger  portion  of  this  solution  a  current  of  carefully  washed  and  dried 
chlorine  gas  t  until  the  solution  b  practically  decolorized.  Finally  add 
enough  of  the  original  solution  of  iodine  in  acetic  acid  to  restore  the 
iodine  color,  so  that  there  b  a  slight  excess  of  iodine. 

Hunt's  Modified  Iodine  Solution. — Dbsolve  10  grams  of  iodine  tri- 
chloride in  I  liter  of  pure  glacial  acetic  acid,  and  finally  add  and  dbsolve 
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cottonseed,  rape,  sesame,  com,  and  mustard,  thirty  minutes;    for  drying 
oils,  such  as  sunflower  and  poppyseed,  one  hour. 

The  Bromine  Index  or  Bromine  Absorption  Number. — ^The  measure 
of  the  amount  of  bromine  absorbed  by  the  oils  and  fats  is  a  useful  factor. 
By  the  bromine  index  is  understood  the  weight  of  bromine  which  is 
absorbed  by  i  gram  of  a  given  oil.  The  bromine  index  of  various  oils 
has  been  determined  as  follows:* 


Bromine  Index. 

Observer. 

PoDovsced 

0.835 
0.763 

0.695 

0.645 

0.632 

0-530 
0.500  to  0.544 

Lcvallois 

Girard 

Lcvallois 
it 

Girard 
Lcvallois 

Mustard 

Sesame 

Cottonseed 

Rape 

Peanut.  ...    

Olive 

1 

I 

Method  oj  Lcvallois, — Five  grams  of  the  oil  are  saponified  with  alcoholic 
potash  in  a  50-cc.  graduated  flask  by  the  aid  of  a  gentle  heat.  At  the  end 
of  the  saponification  and  after  cooling,  the  flask  is  filled  to  the  mark  with 
alcohol,  and,  after  shaking,  5  cc.  are  removed  by  means  of  a  pipette  and 
transferred  to  a  flask.  A  slight  excess  of  hydrochloric  acid  is  added 
to  set  free  the  fatty  acids,  and  from  a  burette  a  standardized  solution 
of  bromine  water  is  run  in  till  with  constant  shaking  a  permanent  yellow 
color  persists.  The  bromine  is  previously  standardized  with  potassium 
iodide  and  sodium  thiosulphate.  The  weight  of  bromine  fixed  by  i  gram 
of  the  fat  is  then  calculated. 

MilVs  Method. — Modified,^ — Dissolve  o.i  gram  of  the  filtered  and 
dried  fat  in  50  cc.  of  carbon  tetrachloride  or  chloroform  in  a  loo-cc.  stop- 
pcred  bottle.  From  a  burette  a  standard  solution  of  bromine  in  carbon 
tetrachloride,  approximately  tenth-normal  (8  grams  to  a  liter),  is  slowly 
added  to  the  oil  solution  till,  after  fifteen  minutes,  a  permanent  coloration 
remains.  The  amount  of  bromine  absorbed  is  calculated  by  comparing 
with  the  color  similarly  produced  in  a  blank  experiment,  or  an  excess 
of  bromine  solution  may  be  run  in  and  the  solution  titrated  back  with  a 
standard  solution  of  thiosulphate,  using  potassium  iodide  and  starch. 

Thermal  Tests. — The  rise  in  temperature  produced  by  the  action 
of  certain  reagents  on  various  oils  and  fats,  when  applied  in  a  defi- 
nite manner,  has  been  found  to  be  of  considerable  value,  especially  in  the 
case  of  sulphuric  acid  and  of  bromine. 

^^^^^^— ^^^-^—^^— ■         ■-  .    -    ■  ...       ■       — — -^ — ■ — — ■         ■'  ■--■II.  ^^„^^^^^^^^ 

*  V'illicrs  et  Collin,  Les  Substances  Alimentaires,  p.  680. 
t  Allen,  Commercial  Org.  Analysis,  II,  part  ij  p.  63. 
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The  Haumen^  Test,*  or  thennal  reaction  with  sulphuric  acid,  is  most 
readily  carried  out  in  a  beaker  of  say  150  cc,  capacity,  which  is  set  into  a 
larger  beaker  or  vessel  of  any  kind,  the  space  between  the  two  being  packed 
with  felt  or  cotton  waste.  The  inner  beaker  is  removed,  and  into  it  is 
weighed  50  grams  of  the  oil.  It  is  then  replaced  and  the  packing  adjusted, 
if  necessary,  after  which  the  temperature  of  the  oil  is  noted  with  a  ther- 
mometer. From  a  burette  containing  the  strongest  sulphuric  acid  of 
the  same  temperature  as  the  oil,  10  cc.  are  nm  into  the  beaker,  at  the 
same  time  stirring  the  mixture  of  acid  and  oil  with  the  thermometer. 
The  temperature  rises  somev^at  rapidly,  and  remains  for  an  appreciable 
time  at  its  maximum  point,  which  should  be  noted.  The  difference 
in  degrees  centigrade  between  the  initial  temperature  of  the  oil  and  the 
maximum  temperature  of  the  mixture  expresses  the  Maumen^  number. 

With  certain  oils,  as  cottonseed,  considsrabk  frothing  ensues  when 
concentrated  acid  is  employed,  making  an  accurate  determination  of  the 
Maumen£  number  somewhat  difficult.  In  this  case  it  is  better  to  employ 
a  somewhat  weaker  acid,  and  to  express  results  in  terms  of  what  is  called 
the  "specific  temperature  reaction."  This  is  the  result  obtained  by 
dividing  the  rise  of  temperature  in  the  case  of  the  oil  by  the  rise  of 
temperature  in  the  case  of  water,  using  the  same  strength  of  acid,  and 
multiplying  the  quotient  by  loa  Indeed,  it  is  of  importance  in  all 
cases  to  compare  results  on  oils  with  those  obtained  by  carrying  out 
the  same  test  on  water. 

Brominatioii  Test. — ^This  test  depends  upon  the  avidity  with  which 
the  oib  and  fats  absorb  bromine,  the  rise  in  temperature  caused  by  the 
reaction  being  measured  in  this  case  rather  than  the  actual  amount  of 
bromine  absorbed,  as  in  the  case  of  the  fodine  absorpiion.     Indeed,  there 
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apparatus  employed  and  in  the  manner  of  diluting  the  oil  aod 
applying  the  reagent.  The  calorimeter  employed  by  Gill  and  Hatch,* 
Fig.  89,  is  convenitfntly  made  and  is  very  satisfactory.  It  consists  of  a 
long,  narrow,  flat-bottomed  tube,  held  by  a  cork  in  a  small  beaker,  in 
such  a  manner  that  it  is  surrounded  by  an  air  jacket.  The  small  beaker 
is  set  into  one  of  larger  size,  the  space  between  the  two  being  packed  with 
cotton    waste.     Five   grams  of  the   oil  or  fat  are   dissolved   in   25  cc 


Fic.  go.— Wiley's   ri| 


FlC,  90. 
nil's  Caloriroeler  tor  the  Brominalinn  Teat  wilh  Oils, 
■  ^tcasuring   Bromini;   in   Chloroform. 


of  chloroform  or  liirlxm  Icirachloride,  and  5  cc.  of  this  solution 
(containing  i  cram  nf  thu  ni!)  arc  transffrrrd  by  a  pi]K'tU'  to  the 
inner  lubi.'  of  thf  abovt-  ralorimckT,  bdng  cari'ful  not  to  Id  it  flow 
down  till'  >i<lcs  "f  llu'  lubf.  The  icmpiTalua-  "f  the  ()il  is  then  taken 
by  a  ihfrmomclcr  graduated  lo  0.2°.  The  bromine  reagent,  which 
shoul<l  be  fre>hly  |)re|)are(l,  is  made  up  by  measuring  from  a  burette 
one  part  by  vohmie  of  bromine  into  four  parts  of  chloroform  or  carbon 
tetrachloride.  The  reagent  is  IraiLsferred  lo  a  measuring- flask  devised 
by  Wilty.t  consisting  of  a  side-necked  filter-flask  provided  wilh  a  per- 

•  Jour.  Am.  Chi-m.  Soc.,  XXI  {ifiw),  p.  t^.     Gill,  Oil  Analyna,  p.  30. 
t  Jour.  Am.  Chfm.  (joe,  XVIII  (1896),  p.  378. 
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forated  rubber  stopper  into  which  the  stem  of  a  5-cc.  pipette  is  fitted, 
Fig.  90.  A  bulb  on  the  side-neck  serves  to  fill  the  pipette.  This  pipettci 
filled  to  the  mark  with  the  bromine  reagent  (which  should  be  at  the  same 
temperature  as  the  oil  solution  in  the  calorimeter),  is  first  covered  bv  the 
finger  and  removed,  and  its  contents  of  5  cc.  allowed  to  flow  down  the 
sides  of  the  inner  tube  of  the  calorimeter  and  mingle  with  the  oil  without 
stirring.  The  rise  in  temperature  is  very  quick,  and  the  highest  point 
is  noted.  The  difference  between  the  highest  and  the  initial  temperature 
constitutes  the  heat-of-bromination  number. 

This  number,  in  the  case  of  Gill  and  Hatch's  calorimeter,  is  somewhat 
lower  than  when  a  vacuum  jacketed  tube  is  employed,  and  differs  some- 
what with  the  diluent  of  the  oil  and  bromine.  In  spite  of  these  variations 
and  that  due  to  the  personal  equation,  concordant  results  may  be  obtained 
with  the  vaiious  oils,  when  the  method  is  carried  out  under  precisely  the 
same  conditions.  The  anal)'st  should  carefully  work  out  the  test  several 
times  with  a  particular  oil  till  the  results  agree,  and  should  then  with 
equal  care  determine  the  iodine  number  of  the  same  oil.  The  iodine 
number,  dirided  by  the  heat-of-bromination  number,  gives  the  factor 
which  is  to  be  employed  under  the  same  conditions  for  calculating  one 
constant  from  the  other.  In  the  case  of  Hehncr  and  Mitchell's  work 
with  the  vacuum  tube,  measuring  1  cc.  of  undiluted  bromine  into  i  gram 
of  oil  dissolved  in  10  cc,  of  chloroform,  it  was  found  that  the  factor  to 
be  used  in  calculating  the  iodine  number  was  5.5. 

The  following  are  some  of  the  results  on  edible  oils  obtained  by  Hohner 
and  Mitchell: 
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solutionof  7}  giamsof  camidiorin  25  cc.  of  carbon  tetrachloride^  an  average 
rise  in  temperature  of  4.3^  was  obtainedi  and  the  specific  temperature 
reaction  is  calculated  for  each  oil  by  dividing  the  heat  of  bromination 
by  this  number.  Furthermore,  by  dividing  the  iodine  nimiber  of  several 
oQs  by  this  specific  temperature  reaction,  the  factor  to  be  employed  for 
the  calculation  of  the  iodine  number  vras  found  to  be  17.18,  as  in  the  fol- 
lowing cases:* 


Oil 


Prime  lard 

No.  I  lard 

Olive 

Cottonseed ^ 

Com* 


Specific  Tem- 
perature 
Reaction. 


3.705 
4.096 

4.762 

5.667 

6-381 


Iodine  Number. 


Calculated. 


63.8 

70-3 
81.8 

97-3 
109.5 


Found. 


63.8 

73-9 
82.0 

103.0 

107.8 


The  Refractometer. — ^Various  forms  of  refractomcter  arc  used  in 
&t  and  oil  analysis.  Thus  the  Abbt  refractometer,  more  fully  described 
on  page  397,  requires  only  one  or  two  drops  of  the  oil  to  be  examined,  and 
reads  the  index  of  refraction  directly,  using  ordinaiyi  white  light. 

The  Ptdfrich  is  used  with  the  sodium  light,  and  requires  a  larger 
amount  of  oil  than  the  Abb^,  the  oil  or  melted  fat  being  held  in  a  cylinder 
above  the  prism.  The  scale  reading  is  in  angular  degrees,  from  which 
the  index  of  refraction  is  calculated  by  a  formula  or  from  a  table.  •  The 
instrument  is  provided  with  a  temperature-controlling  apparatus. 

In  the  Amagat  and  Jean  or  oteo-refractomeler,  an  outer  and  an  inner 
cylinder  are  respectively  filled  with  an  oil  of  known  value  or  purity,  and 
with  the  oil  to  be  examined.  By  the  comparative  displacement  to  the 
right  or  left  of  a  beam  of  white  light  passing  through  both  cylinders,  the 
displacement  being  read  in  degrees  on  an  arbitrary  scale,  the  refraction 
of  an  oil  may  be  measured.  Two  oils  may  thus  be  readily  compared 
under  the  same  conditions,  one  of  known  purity,  for  example,  with  a 
doubtful  sample  of  the  same  kind. 

The  buiyro-rcjractometer  and  the  Wollny  milk  jot  rcjractometer  are, 
as  their  names  imply,  instruments  primarily  intended  for  more  restricted 
fields  of  work  than  the  foregoing.  They  involve  the  same  principle  as  the 
Abb6,  but  are  simpler  in  construction  and  have  arbitrary  scales. 

Unless  such  widely  varying  substances  as  the  waxes  and  the  essential 
oils  are  to  be  studied,  the  Zeiss  butyro-refractometer,  though  primarily 

"  *  GUI,  Oil  AnalyBii,  p.  138. 
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intended  for  the  examination  of  butter  and  lard,  is  by  far  the  most  useful 
and  convenient  form  of  instrument  for  the  food  laboratory,  being  equally 
well  adapted  for  examining  all  the  common  edible  oils  and  fats. 

The  Zeiss  Butyro-refractometer. — This  instrument  (shown  in  Fig, 
Qi)  is  so  constructed  that  the  degree  of  refraction  of  a  beam  of  light, 
which  passes  obliquely  throi^h  a  thin  £lm  of  the  fat,  is  read  on  an  arbi- 
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The  refractometer  is  connected  to  any  kind  of  heating  arrangement, 
which  admits  of  warm  water  being  transmitted  through  the  prism  casing, 
in  at  Z?  and  out  at  JE.  A  simple  arrangement,  which  suflBces  for  all 
ordinary  cases,  may  expeditiously  be  improvised  in  the  following  manner: 
Fill  a  vessel  of  say  2  gallons  capacity  with  water  of  40°  to  50°  C.  Into 
this  vessel  dip  the  free  end  of  an  india-rubber  tube  slipped  over  the  nozzle 
D  and  let  the  vessel  be  placed  at  a  height  of  about  one-half  or  one  }'ard 
above  the  rcfactometer.  Then  it  will  be  seen  that  suction  at  a  lube 
attached  to  E  will  cause  the  warm  water  to  flow  through  the  prism  casing 
by  the  action  of  the  siphon  arrangement.  By  means  of  a  pinch  clip  the 
velocity  of  the  water  may  be  regulated  at  wilL  The  waste  water 
may  be  allowed  to  flow  into  a  second  vessel  and,  provided  its  tem- 
perature does  not  fall  below  30^,  it  may  \yc  used  for  replenishing  the 
upper  vessel. 

When  working  with  solid  fats,  a  temperature  must  be  maintained 
by  the  heated  water  well  above  the  melting-point  of  the  fat.  With 
liquid  oils  no  heater  is  necessary,  as  determinations  may  be  made  at 
room  temperature,  but  it  is  advisable  in  all  cases  to  have  a  constant  stream 
of  water  passing  through  the  water  jacket,  which  may  be  done  by  directly 
connecting  it  with  the  water  faucet  in  the  case  of  oils,  since,  without  such 
precautions  to  insure  even  temperature,  disturbing  variations  are  liable 
to  occur,  due  to  the  warming  of  the  prisms  by  the  manipulation  of  clean- 
ing, etc. 

Refractometer  Heater. — ^A  regular  heater,  shown  in  Fig.  92,  is  furnished 
by  the  manufacturers,  capable  of  supplying  a  current  of  water  of  approx- 
imately constant  temperature,  and  will  be  found  of  great  convenience  when 
the  instrument  is  to  be  used  constantly,  especially  with  the  solid  fats. 

A  supply  reservoir  .1  is  secured  to  the  wall  and  is  connected  by  means 
of  a  rubljcT  inlet  tube  G  to  the  water  faucet  C.  The  reservoir  is  [)r()viclud 
with  a  waste  overflow  pii)e  and  with  an  outlet  tube  D,  the  flow  through 
the  latter  being  regulated  by  the  cock  //.  The  lube  D  leads  to  the  si)iral 
heater  IIS,  which  is  heated  by  a  Bunsen  burner.  From  the  heater  ihe 
tube  K  conducts  the  warm  water  through  the  refractometer,  from  which 
it  flows  through  the  tube  I'\  either  directly  into  the  sink,  or  into  the  inter- 
mediate vessel  B.  The  temperature  of  the  water  is  regulated  by  adjust- 
ing the  cock  //,  and  the  height  of  the  flame  of  the  lUinsen  burner. 

Manipulation  of  the  Butyro-refractometer. — The  prism  casing  is  first 
opened  by  giving  about  half  a  turn  to  the  right  to  the  pin  /%  Fig.  91, 
imtil  it  meets  with  a  stop.     Then  simply  turn  the  half  B  of  the  prism 
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casing  aside.  Pillar  H  holds  B  in  the  position  shown  in  Fig.  91.  The 
prism  and  metallic  surfaces  must  now  be  cleaned  with  the  greatest  care, 
the  best  means  for  this  purpose  being  soft  linen,  moistened  with  a  little 
alcohol  or  benzine. 

K  the  sample  to  be  examined  is  a  solid  fat,  maintain  the  temperature 
above  the  melting-point,  and  apply  by  a  glass  rod  a  drop  or  two  of  the 
clear  melted  fat  (filtered  if  turbid)  to  the  surface  of  the  prism  contained 
in  the  "^ping  B.    For  this  purpose  the  apparatus  should  be  raised  with 


the  left  hand  so  as  to  place  the  prism  surface  in  a  horizontal  posilic 
A  liquid  oil  is  directly  applied  in  the  same  manner  without  preliminary 
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naked  eye,  placing  the  latter  at  its  proper  distance  from  the  ocular. 
Finally  adjust  the  movable  front  part  of  the  ocular  so  that  the  scale 
becomes  clearly  visible. 

By  allowing  a  current  of  water  of  constant  temperature  to  flow  through 
the  apparatus  some  time  previous  to  the  taking  of  the  reading,  the  at  first 
somewhat  hazy  critical  line  approaches  in  a  short  time,  generally  after  a 
minute,  a  fixed  position,  and  quickly  attains  its  greatest  distinctness. 
When  this  point  has  been  reached,  note  the  appearance  of  the  critical 
line  (i.e.,  whether  colorless  or  colored,  and  in  the  latter  case  of  what  color); 
also  notc  the  position  of  the  critical  line  on  the  centesimal  scale,  which 
admits  of  the  tenth  divisions  being  conveniently  estimated;  at  the  same 
time  read  the  position  of  the  thermometer. 

Testing  the  Adjustment  oj  the  Ocular  Scale, — It  is  imperative  that 
the  adjustment  of  the  instrument  be  tested  periodically,  and  in  particular 
when  it  is  being  used  for  the  first  time.  This  may  be  done  by  means 
of  the  standard  fluid  supplied  with  the  instrument,  the  critical  line  of 
which  is  approximately  colorless,  and  must  occupy  the  following  positions 
in  the  scale. 


Temper- 
ature. 


30- 

28° 

27° 
26° 

25' 


Scale 
Division. 


68.1 
68.7 

69-3 
70.0 

70.6 

71 .2 


Temper- 
ature. 


Scale 
Division. 


23C 

22^ 
21^ 

20' 


71.2 

71.8. 
72.4 

73-0 
73-6 

74.3 


Temper- 
ature. 


20" 

19^ 
i8<» 

17^ 
1 50 

15° 


Scale 
Division. 


74.3 
74.9 

75-5 
76.1 

76.7 
77-3 


Temper- 

Scale 

ature. 

Division. 

15" 

77-3 

14^ 

77-9 

13^ 

78.6 

12° 

79.2 

IlO 

79-8 

10° 

80.4 

The  fractional  parts  of  a  degree  can  accordingly  easily  bj  br()UQ;hl 
into  calculation  (0.1=0.06  scale  div.).  Deviations  of  i  to  2  decimals 
of  the  scale  divisions  arc  of  no  consequence,  and  arc  in  most  casus  due 
to  inexact  dclerminalions  of  temperature.  Should,  however,  careful 
tests  result  in  the  (Hscovcry  of  greater  deviations,  readjustment  of  ihe 
scale  will  be  necessary,  which  may  be  elTected  by  means  of  a  watch-key 
supi)lied  with  the  instrument,  in  accordance  with  the  values  given  in 
the  above  ta])le.  The  watch-key  is  inserted  at  G  in  Fig.  91,  and  by  its 
means  the  j)osition  of  the  objective,  and  therefore  that  of  the  critical  line 
with  respect  lo  tlie  scale  may  be  altered. 

Transjormalion  oj  Scale  Divisions  into  Indices  oj  Rejraction, — The 
following  table,  adapted  from  that  of  Pulfrich,  enables  one  to  convert 
scale  readings  on  the  butyro-refractometer  into  mdices  of  refraction,  fijy^ 
and  vice  versa: 
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Fourth  D«o 

m>l  o[  H 

1,. 

.       ,    1    =    1    .    1    .    I    .    1    •    1    '    1    -J.' 

SCALE  READINGS 

1. 411 

0.0 

0  1 

0.1 

0.4 

0-5 

0.6 

'  7 

0-9 

1.0 

I.I 

6 

7 

1-9 

" 

1. 414 

5 

6 

S 

3 

3-1 

3 

3 

5 

1-415 

7 

3 

4 

4-3 

5 

6 

7 

1.416 
1.417 

S 
6 

° 

g 

i 

1 

4 

6 

I 

s 

6.9 

\ 

7 

9 

I 

i.4»8 

7 

5 

7 

1 

7 

0 

8 

8.1 

8 

3 

8 

5 

1.419 

g 

7 

8 

9 

9 

■ 

9 

^ 

9.4 

9 

S 

9 

9 

S 

1-430 

0 

lO 

10 

4 

to 

5 

10.6 

10 

7 

10 

,1 

0 

1.431 

3 

6 

S 

11.9 

3 

I -43= 

9 

13 

13-3 

13 

3 

13 

13 

6 

■■433 

'3 

'& 

14 

14 

■5-8 

6 

9 

•■434 

15 

'5 

"5 

15 

5 

'5 

6 

IS 

9 

:6 

)6 

1-43.'; 

.6 

4 

16 

16 

16 

S 

17 

17.1 

17 

17 

17 

5 

1.436 

a 

'7 

18 

18 

16 

3 

18.4 

18 

5 

18 

18 

3 

\:V^ 

19 

19 

19 

i 

19 

6 

to.  7 

19 

S 

' 

4 

ao 

9 

1-439 

ji 

' 

" 

77 

" 

' 

XI 

' 

12.4 

17 

s 

ji 

73 

7 

1.440 

33 

3 

»3 
14 

'3 

34 

33 

4 

7 

»3 

»4 

1 

*3.7 
15.0 

'3 

8 

33 

as 

14 

'5 

I 

'5 

=5 

6 

15 

as 

36 

36 

76.3 

>6 

1 

36 

76 

7 

a6 

1.443 

2^ 

>1 

a? 

4 

"7 

5 

'7-7 

37 

37 

28 

28 

J8 

3 

i8 

aS 

18 

7 

18 

9 

29.0 

atj 

ag 

19 

I-44S 

29 

7 

n 

3° 

30 

3° 

3 

3°-4 

30 

6 

30 

30 

S 

30 

1.446 

3' 

3> 

3' 

3' 

S 

3' 

6 

31-8 

31 

9 

3a 

3' 

3a 

1-447 

ji 

S 

3a 

3' 

9 

33 

33.1 

33 

3 

33 

33 

6 

33 

1-448 

33 

9 

34 

34 

34 

3 

34 

34-6 

34 

7 

34 

35 

35 

1-449 

35 

3 

35 

35 

35 

7 

35 

8 

36.0 

36 

36 

36 

■» 

36 

1-4S0 

36 

7 

36 

37 

37 

t 

37 

a 

37-4 

37 

S 

37 

37 

8 

37 

I  451 

38 

38 

38 

38 

S 

38 

6 

38-7 

38 

9 

39 

39 

39 

1.45  = 

S9 

5 

39 

39 

7 

39 

9 

40. t 

40 

3 

40 

40 

40 

40 

41.0 

41. 1 

J^^^— 

41.4 

41-5 

4WJ 

4.   S 

43.0 

47 

1 

1 
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EQUIVALENTS    OF   INDICES    OF    REFRACTION    AND    BUTYRO-REFRAC- 

TOMETER   READINGS— (C£w/tn««<i). 


Refrac- 
tive 
Index. 


470 

471 
472 

473 
474 

475 
476 

477 
478 

479 

480 
481 
482 
48.3 
484 
48 «; 
486 
487 
488 
489 


Fourth  Decimal  of  njy 


6 


8 


9 


SCALE  READIKGS. 


66.4 
68.0 

69-5 
71. 1 

72.7 

74-3 
76.0 

n  'I 
70-4 
81.2 

82.0 
84.6 
86.4 
88.2 
90.0 
91.8 

93-6 

95-4 
97.2 

99.1 


66.5 
68.1 
69.7 

71-3 
72.9 

74-5 
76. 1 

77-9 
79.6 

81-3 

83.1 
84. S 

86.6 

88.3 
90.2 
92.0 

93-8 
95-6 
97-4 
99.2 


r6.7 

68.3 
69.9 
71.4 
73-0 

74-6 

76-3 
78.1 

79.8 
81.5 

83.2 
8^.o 
86.7 
88. 5 

90-3 
92.1 

94.0 

95-8 
97.6 

99.4 


66.8 

67.0 

67.2 

68.4 

68.6 

68.7 

70.0 

70.2 

70-3 

71.6 

71.8 

71.9 

73-2 

73-3 

73-5 

74.8 

75-0 

75-1 

76.5 

76-7 

76.8 

78.2 

78.4 

78.6 

80.0 

80.1 

80.3 

81.7 

81.9 

82.0 

83-4 

83.6 

83-8 

85.2 

85.3 

85-5 

86.9 

87.1 

87.3 

88.7 

88.9 

89.1 

90-5 

90.7 

90.9 

92.3 

92.5 

92.7 

94.1 

94.3 

94.5 

96.0 

96.1 

96.3 

97.8 

98.0 

98.1 

99.6 

99.8 

100. 0 

67 

68 

70 
72 
73 

75 

77 

78.7 
80.5 

82.2 

83-9 
8^ 


3 

9 

5 
I 

7 

3 
o 


87 


89 
91 
92 

94-7 
96.6 

98.3 


67-5 
69.1 

70.7 

72.2 

73.8 

75-5 
77-2 
78. 
80. 

82, 


9 

6 


84.1 

85-9 
87.6 

89-4 
91.2 

93-0 
94-8 

96.7 
98.5 


67.7 

69.2 

70.8 

72.4 

74.0 

75-6 

77-3 
79.1 

80.8 

82.5 

84-3 
86.0 

87.8 

89.6 

91.4 

93-2 

95 -o 
96.9 

98-7 


67.8 
69.4 
71.0 

72.5 
74-1 
75.8 

77-5 
79-2 
81.0 
82.7 

84-5 
86.2 

88.0 

89.8 

91.6 

93-4 
95-2 
97.0 
98.9 


The  Critical  Line, — It  should  be  remembered  that  the  instrument  is 
primarily  intended  for  use  with  butter,  and  that  the  prisms  are  so  con- 
structed that  the  critical  line  of  pure  butter  is  colorless,  while  various  other 
fats  and  oils,  notably  oleomargarine,  which  have  greater  dispersive  powers 
than  natural  butter,  show  a  colored  critical  line.  When  too  great  dis- 
persion is  apparent  to  render  possible  an  accurate  reading,  or  when  the 
critical  line  presents  vcrj'  broad  fringes,  as  with  linseed  oil,  poppysecd 
oil,  turpentine,  etc.,  use  a  sodium  light,  obtained  by  the  application  of 
table  salt  to  the  Bunscn  gas  flame,  or  the  diffused  daylight  may  be  re- 
flected in  the  mirror  through  a  flat  bottle  filled  with  a  dilute  solution  of 
potassium  bichromate,  to  give  a  yellow  light. 

The  advantages  of  the  refractometer  for  examination  of  fats  and 
oils  consist  in  the  convenience  with  which  VQvy  accurate  determinations 
of  the  refractive  index  may  be  made  at  any  temperature  between  10°  and 
50°  C,  inclusive  of  thermal  variations  of  refractive  powers,  and  also  in 
the  possibility  which  it  affords  of  distinguishing  substances  by  their 
different  dispersive  powers,  rendered  visible  by  the  different  coloring 
of  the  critical  line,  a  red-colored  critical  line  being  indicative  of  a  relatively 
low  dispersive  power,  a  blue  line  of  relatively  high  dispersion. 
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Vari4Xtum  oj  Reading  vitk  tJu  3 
Xo  detinile  temperature  has  been  adopted  as  a 
standard  for  readings  of  this  instrument,  but  it 
b  easy  to  reduce  readings  at  any  temperature  to 
tenns  of  any  other  temperature  fw  purposes  of 
compaiiscHi.  \Mii]e  the  change  in  index  of  re- 
fractiofi  for  i°  C,  is  the  same  whatever  the 
7!  ^*  lemperatuie,  as  Tobnan  aixl  Munson  have  pointed 
.;!  out,*  the  change  in  scale  reading  per  I'C.  de- 
creases as  the  temperature  increase^  and  ^^lies 
sl^tly  with  different  oik.  For  correcting  read- 
ing J?'  at  a  tempcraiuie  7*  to  a  reading  R  at 
tempeiaHire  T,  their  formula  is  R=R^  —  XiT— 
T*),  X  being  the  change  in  scale  reading  due  to 
change  of  t"  C.  in  temperature. 

For  butter,  oleomargarine,  beef  taBow,  lard, 
and  other  fats  readir^  from  40"  to  50°  or  there- 
abouts on  the  scale,  A'=o.55.  For  oib  reading 
bcrwcoa  60"  and  70°,  like  oli\T,  mustard,  rape*ee«?, 
cottonseed,  peanut, etc..  A" =0.58,  and  for  oik  read- 
ily between  70'  and  80°,  like  com  oiL  A'  =  o.6j. 

The  slide  nA^  t  shorns  in  Fij;.  q;,  for  use  wi:h 
the  refiactometer,  has  been  jointhr  de\-ised  !«■  H. 
C.  Ljlhgoc  ar>d  the  writer,  to  render  imnecessaij- 
the  use  of  tabks  or  formulas.  The  extreme  upper 
ar>d  lower  scale  divisioixs  iodioite  indices  of  re- 
fnclitm,  ar¥i  adjacent    to    these  arc  the    scale 
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in  comparing  the  work  of  various  observers,  where  different  temperatures 
have  been  employed. 

The  correction  for  change  in  n^  on  the  scale  is  0.000365  for  1°  C, 
being  based  on  the  experimental  work  of  Tolman,  Long,  Proctor,  Lythgoe, 
and  the  author. 

The  table  on  pp.  398,  399  is  useful  as  showing  readings  on  the  butyro- 
refractomcter  of  all  the  edible  oils  and  fats  at  various  temperatures.* 

The  Abb^  Refractometer,  Fig.  94,  has  a  much  wider  range  in  reading 


Fic.  94.— The  Abbi;  Ri'fraclomctFr  with  Temperature-controlled  Prisms. 

than  cithtT  the  buiyri)  "r  ihc  WoUny  instruments  already  described,  read- 
ing as  it  docs  to  ihe  fourth  decimal  between  the  limits  of  1.3  and  1.7  in 
indices  of  refraction.  The  equivalent  readings  of  the  Wollny  milk  fat 
refractometer,  in  indices  of  refraction,  range  from  1.3332  to  1.4220,  while 
those  of  the  butyro- instrument  run  from  1.4220  lo  1.4895.  The  Abb€ 
instrument  is  thus  necessary  for  use  with  the  high- refracting  essential 
*  Lythgoe,  Tech.  Quarterly. 
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oik.  Its  construction  is  such  that  the  prisms  can  withstand  a  higher 
heat  than  in  the  case  of  the  butjTo-refractometer,  and  it  is  hence  better 
adapted  for  the  examination  of  samples  ha\ing  a  high  melting-point, 
such  as  beeswax  and  paraffin.  An  adA-antage  of  the  AbW  over  the  butyro 
instrument  lies  in  the  fact  that  the  wide  dispeision,  inevitable  when  read 
ing  many  of  the  oib  on  the  butyro,  may  be  entirely  compensated  for  with 
the  Abb^,  and  a  clear  sharp  line  be  obtained.  The  constniction  of  the 
prisms  in  relation  to  the  heating  jacket  is  similar  in  both  instruments, 
and  a  film  of  the  oQ  or  fat  to  be  examined  is  held  in  the  same  manner 
between  the  surfaces  of  the  prisms. 

Looking  through  the  ocular  O  of  the  .\bb^.  Fig.  94,  the  arm  J,  bearing 
the  telescope  L,  is  lumed  back  and  forth  until  the  line  of  demarkation  of 
the  refracted  beam  passing  through  the  oil  is  seen  to  coincide  with  the 
centering  cross  hairs.  By  turrung  the  thumb  screw  J/,  the  graduated 
chamber  immediately  below  containing  the  coirqiensator  may  be  rotated 
-sufficiently  to  entirely  do  away  with  any  dispersion  of  the  oil,  thus  getting 
a  perfcaly  clas,  sharp  reading. 

The  ir>dex  of  refraction  is  read  through  the  telescope  L  on  the  gradu- 
ated art  5  to  the  fourth  decimal  |dace. 

The  Acct]fl  Vahw.  —  On  heating  fats  with  acetic  anh)-dride  they 
bea>me  "acetylated'*;  i.e..  the  h>-drogeD  atom  of  their  alcoholic  hydroi>l 
gntup  is  exchanged  for  the  acetic  acid  radide,  in  accordance,  for  example, 
with  the  following  reaction: 
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water,  which  are  in  turn  siphoned  off,  the  operation  being  repeated  till 
the  wash  water  tests  free  from  acid  by  litmus  paper. 

The  acetylated  fat  is  then  separated  from  the  water  by  drying  at 
ioo°  in  an  oven. 

From  2  to  4  grams  of  the  acetylated  fat  is  weighed  into  a  flask,  and 
saponified  with  alcoholic  potash  in  precisely  the  same  manner  as  for 
the  determination  of  Ihc  saponification  number.  Evaporate  the  alcohol 
and  dissolve  the  soap  in  water.  One  of  two  methods  may  be  carried 
out  for  freeing  the  acetic  acid  for  titration,  one  by  distillation  and  the 
other  bv  filtration. 

For  the  former  or  distillation  process,  acidify  the  acjueous  solution 
of  the  soap  with  i :  lo  sulphuric  acid,  and  distill  in  the  same  way  as  in  the 
Rcichcrt  process,  excepting  that  in  this  case  from  6oo  to  700  cc.  of  dis- 
tillate must  be  obtained,  so  that  water  should  be  added  from  time  to 
time  through  a  stoppered  funnel  fixed  in  the  cork  of  the  distilling-flask. 
The  distillate  should  be  received  in  a  funnel  with  a  loose  cotton  plug,  so 
as  to  filter  it  free  from  insoluble  acids  mechanically  carried  over.  The 
filtrate  is  titrated  with  tenth-normal  sodium  hydroxide,  using  phenol- 
phthalein  as  an  indicator.  The  number  of  cubic  centimeters  of  alkali 
used  is  multiplied  by  5.61,  and  the  product  divided  by  the  number  of 
grams  of  acetylated  fat  taken.    The  result  is  the  acetyl  value. 

If  the  filtration  process  is  used  (which  is  more  rapid  and  should  give 
concordant  results  with  the  distillation  process),  the  exact  amount  of 
alcoholic  potash  used  in  the  saponification  should  be  accurately  measured 
in  carr}'ing  out  the  former  part  of  the  test,  and  the  exact  number  of  cubic 
centimeters  of  standard  acid  corresponding  to  the  amount  of  alkali 
emj)loyed  should  be  added  to  the  aqueous  soap  solution.  The  mixture 
should  be  gently  warmed,  and  the  fatty  acids  will  gather  in  a  layer  at  the 
top.  These  are  filtered  olT  and  washed,  till  free  from  acid,  with  boiling 
water.  The  filtrate  is  titrated  with  tenth-normal  sodium  hydroxide,  and 
the  acetyl  value  calculated  as  in  the  distillation  process. 

KDIBLK   OILS    ARRANGED    IN   ORDER   OF   ACETYL    VALUE. 

Average. 

Cottonseed  oil 18.0 

Raj)e  oil 14.  7 

Poppyseed  oil 13.1 

Sesame  oil 11 . 5 

Olive  oil 10.6 

Peanut  oil 3.4 
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The  Valenta  Test.— This  depends  upon  the  solubiUty  of  the  oil  in 
glacial  acetic  acid.  Pour  from  3  to  5  cc.  of  the  oil  into  a  test-tube,  and 
add  an  equal  volume  of  glacial  acetic  acid  (specific  gravity  1.0562). 
Place  a.  thermometer  in  the  tube  and  warm  gently  till  the  oil  goes  into 
solution.  Then  allow  the  mixture  to  cool,  and  observe  the  temperature 
at  which  the  solution  begins  to  appear  turbid. 

Castor  oil  and  oil  of  the  olive  kernel  are  soluble  in  glacial  acetic  acid 
at  ordinary  temperatures,  while  rape  and  mustard  seed  oils  are  insoluble 
even  in  the  boiling  acid. 

Elaldin  Test. — This  is  based  on  the  conversion  by  nitrous  oxide  of 
liquid  olein  into  the  solid  elaldin,  a  crystalline  compound  isomeric  with 
olein,  while  other  common  glycerides  remain  liquid  under  treatment 
with  this  reagent.  By  the  consbtency  of  the  final  product,  when  sub- 
jected under  certain  conditions  to  the  action  of  nitrous  oxide,  some  idea 
as  to  the  character  of  the  oil  may  be  gained. 

Mani^uiation. — To  carry  out  the  test  according  to  Pontet  (modified), 
weigh  5  grams  of  the  oil  into  a  beaker,  add  7  grams  of  nitric  acid  (specific 
gravity  1.34)  and  about  0.5  gram  of  copper  wire.  Place  the  beaker  in 
water  at  15"  and  stir  thoroughly  with  a  glass  rod  in  such  a  manner  as 
to  make  an  intimate  mixture  of  the  oil  and  the  evolved  nitrous  oxide  gas. 
After  the  wire  has  been  dissolved,  add  another  piece  of  about  the  same 
size  and  again  stir  vigorously.  Set  aside  for  about  two  hours,  at  the  end 
of  which,  in  the  case  of  pure  olive,  almond,  peanut,  or  lard  oil,  it  will 
have  been  changed  into  a  solid  white  mass. 

Nearly  all  the  seed  oils,  especially  cottonseed  and  mustard,  arc  turned 
into  a  pasty  or  buttery  mass. 

Another  modification  of  Pontet's  test  consists  in  mixing   10  grams 
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been  carefully  neutralized  with  a  weak  solution  of  sodium  hydroxide, 
using  phenolphthalein  as  an  indicator.  Warm  the  mixture  to  about  60°^ 
and  add  carefully  from  a  burette  tenth-normal  sodium  hydroxide  (using 
the  above  indicator)  till  a  pink  color  is  produced,  shaking  thoroughly 
during  the  titration. 

The  result  may  be  reported  in  terms  of  percentage  of  oleic  acid  (each 
cubic  centimeter  of  tenth-normal  alkali  is  equivalent  to  0.0282  gram  of 
oleic  acid)  or  as  the  "acid  number,"  by  which  is  meant  the  number  of 
cubic  centimeters  of  tenth-normal  alkali  necessary  to  saturate  the  free 
acid  in  i  gram  of  the  fat  or  oil. 

Constants  of  the  Free  Fatty  Acids. — Often  much  information  as  to 
the  character  of  an  oil  or  fat  may  be  obtained  by  determining  such  con 
stants  of  its  fatty  acids  as  the  melting-  and  solidifying-point,  the  iodine 
number,  etc. 

To  prepare  the  fatty  acids  for  examination,  saponify  a  quantity  of  the 
oil  or  fat  with  alcoholic  potash,  evaporate  the  alcohol,  and  dissolve  the 
soap  in  hot  water.  Decompose  the  soap  by  the  addition  of  an  excess 
of  hydrochloric  or  sulphuric  acid,  continuing  the  heating  till  the  fatty 
acids  rise  in  a  layer  to  the  top  of  the  liquid,  from  which  they  may  be 
removed.  The  melting-point,  iodine  number,  etc.,  are  determined  as 
with  the  oil  or  fat  itself. 

Solidifying-point  of  the  Fatty  Acids,  or  Titer  Test.— Method  of  Dali- 
can.* — ^Liberate  the  fatty  acids  as  in  the  preceding  sections,  free  from 
w^ater  by  filtration,  and  allow  to  stand  over  night  in  a  porcelain  dish  in  a 
desiccator.  The  mass  of  fatty  acids  is  then  melted  and  poured  into  a 
warm  tesi-tube  ^.^  cm.  in  diameter  till  it  is  about  half  full.  The  tcs'.-tube 
is  then  inserted  into  the  neck  of  a  flask,  either  directly  or,  preferably, 
is  fitted  into  a  rubber  stopper,  which  itself  fits  the  flask.  A  delicate  ther- 
mometer previously  warmed  is  then  inserted  into  the  liquid,  and  the 
contents  are  stirred  with  it,  taking  care  that  it  does  not  touch  the  sides, 
but  IS  raised  and  lowered  so  that  the  whole  is  well  mixed  as  portions  of 
the  mass  solicHfy.  The  temperature  at  first  falls,  and  the  thermometer 
should  V)e  watched  carefully,  for,  after  a  short  time,  it  (juickly  rises  a 
few  tenths  of  a  degree  and  remains  stationar}'  for  a  minute  or  two  before 
again  falling.  This  stationary  point  is  known  as  the  solidifying-point 
or  titer. 

Unsaponifiable  Matter. — As  will  be  seen  by  reference  to  the  table 
on  ])agc  411,  the  unsaponifiable  matter  in  pure  edible  oils   and  fats  iii 

*  Thorpe's  Dictionary  of  Applied  Chemistry,  vol.  Ill,  p.  50. 
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comparatively  insignificant  in  amount,  consisting  largely  of  cholesterol  or 
phjtosteroL  A  high  content  of  unsaponifiable  matter  is  indicative  of 
adulteration,  pointing  to  the  presence  of  mineral  or  coal-tar  oib,  or  to 
paraffin. 

Detsnnination  of  nnsapooifiable  Matter.* — Weigh  7  to  to  grams  of 
the  fat  or  oil  in  a  ZjO-cc,  fiask,  and  saponify  by  boiling  with  25  cc.  of 
alcoholic  potassium  hydroxide  and  25  cc.  of  alcohol  under  a  retum- 
flow  condenser.  After  saponiUcalion,  add  30  to  40  cc.  of  water,  and 
bring  to  the  boiling-point.  Cool  and  transfer  the  contents  from  the 
flask  to  a  separator)-  funnel,  washing  out  the  flask  first  with  a  small  amount 
of  50^  alcohol,  and  finally  with  50  cc.  of  petroleum  ether  (B.P,  4o''-7o°), 
adding  both  washings  to  the  separatory  funneL  Shake  the  latter 
thoroughly,  but  avoid  if  possible  forming  an  emulsion.  If  the  tatter 
persists  in  forming,  add  a  volume  of  water  equal  to  that  of  the  soap  solu- 
tion, which  nill  sometimes  break  it  up.  After  separation  of  the  petro- 
leum ether  layer,  draw  off  the  underlying  soap  solution  into  a  beaker, 
and  wash  the  petroleum  ether  two  or  three  times  with  50^  alcohol,  which 
is  drawn  off  and  added  to  the  soap  solution.  The  petroleum  ether  is 
then  run  into  a  tared  Erlenmeyer  flask,  and  the  soap  solution  extracted 
twice  more  with  fresh  portions  of  petroleum  ether,  washing  the  ether 
each  time  with  50%  alcohol  as  before  and  then  transferring  the  ether 
to  the  tared  flask.  The  petroleum  ether  is  then  removed  by  placii^ 
the  flask  on  the  water-bath,  bumping  being  prevented  by  means  of  a 
spiral  of  platinum  wire  n-eighed  with  the  flask.  Finally  remove  all  traces 
of  remaining  ether  by  blowing  hot  air  through  the  flask,  or,  in  the  absence 
of  mineral  oils  (some  of  which  are  \'olatilc),  drj'  in  the  water-oven  to  con- 
stant weight,  cool  in  a  desiccator,  and  weigh. 
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soluble  in  cold,  but  readily  soluble  in  boiling  alcohol,  and  soluble  in  ether, 
chloroform,  methyl  alcohol,  benzene,  and  oil  of  turpentine.  It  sublimes 
unchanged  at  200°,  but  at  higher  temperatures  decomposes. 

Commercial  cholesterol  is  obtained  from  wool  oil  and  is  known  as 
lanolin,  being  used  largely  in  medicine  as  a  basis  for  ointment. 

Cholesterol  occurs  also  in  the  yolk  of  eggs,  in  many  animal  secretions, 
and  in  most  animal  oils  and  fats. 

It  separates  in  laminated,  transparent  crystals  from  a  mixture  of 
2  volumes  alcohol  and  i  volume  ether,  and  in  the  form  of  anhydrous 
needles  from  chloroform. 

Phytosterol  (CzoH^^OjHjO)  is  most  abundantly  found  in  the  legu- 
minous seeds,  and  is  prepared  commercially  from  these,  especially  from 
peas  and  lentils.     It  is  a  constituent  of  most  vegetable  oils. 

It  cr\'stallizes  in  slender,  glittering  plates  from  chloroform,  ether, 
and  petroleum  ether,  and  from  alcohol  in  tufts  of  needles.  In  solubility 
it  much  resembles  cholesterol,  but  its  melting-point  from  132°  to  134^ 
is  lower. 

Separation  of  Cholesterol  and  Phjrtosterol  from  Oils  and  Fats. — 
Method  of  Kreis  and  Wol},* — 50  grams  of  fat  are  boiled  with  125  cc.  of 
95%  alcohol  and  25  cc.  of  a  40%  aqueous  solution  of  sodium  hydroxide  till 
saponified.  Evaporate  ofif  the  alcohol,  and  dissolve  the  soap  in  500  cc.  of 
boiling  water,  neutralizing  the  excess  of  alkali  with  hydrochloric  acid  (spe- 
cific gravity  1.124).  Add  100  cc.  of  a  10%  solution  of  calcium  chloride,  and 
shake  the  flask  till  the  calcium  soap  separates  out,  adding  more  calcium 
chloride  if  the  litjuid  still  froths  after  shaking.  The  calcium  soap  is 
collected  on  a  filter  of  cotton  cloth  and  pressed  between  fiUer-paper, 
after  which  it  is  boiled  for  an  hour  in  100  cc.  of  95^^,  alcohol.  When 
cold,  the  solution  is  filicred,  and  the  filtrate  treated  with  3  cc.  of  the  40^0 
soda  solution  lo  saponify  any  remaining  fat,  and  then  evaporated  to  dry- 
ness. The  small  residue  is  powdered  and  shaken  in  a  flask  with  50  cc. 
of  ether  al  intervals  (lurin<^  an  hour.  The  residue  obtained  on  filtering 
and  evaj)oratin<^  the  ether  is  dissolved  in  as  small  as  possible  a  volume 
of  hot  alcohol,  and  in  cooling  the  cholesterol  or  phytosterol  is  deposited 
in  firm,  while  crystals. 

Determination  of  Cholesterol  and  Phytosterol. — Method  0]  Forstcr  and 
Reichmann.'\ — 50  grams  of  the  oil  or  fat  are  boiled  for  five  minutes  in 
a  flask  connected  with  a  reflux  condenser  with  two  successive  portions 

*  (.'him.  Ztit.,  1898  (22),  p.  805;  Jour.  Soc.  Chem.  Ind.,  17,  p.  1075. 
t  Analyst,  1897  (22),  131. 
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of  75  cc.  of  95%  alcohol,  and  in  each  case  the  alcoholic  solution  is  sepa- 
rated by  means  of  a  separatory  funnel  The  combined  alcoholic  solutions 
are  then  boiled  in  a  flask  provided  with  a  funnel  in  the  neck,  till  one- 
fourth  of  the  alcohol  is  evaporated,  and  then  poured  into  an  evaporatii^ 
<iish  and  brought  to  dryness.  The  residue  is  then  extracted  with  ether, 
and  the  ether  solution  is  evaporated  to  dryness,  taken  up  again  with  ether, 
filtered,  evaporated  once  more,  and  dissolved  in  hot  95%  alcohol,  from 
which  it  is  allowed  to  crystallize.  Cholesterol  or  phytosterol  will  crys- 
tallize out  under  these  conditions,  and  may  be  weighed, 

Distinguishing  between  Chalester<d  and  Phytosterol. — It  is  sometimes 
of  importance  to  determine  which  of  these  substances  is  present  in  an 
oil,  or  whether  indeed  both  occur.  Confirmatory  proof  as  to  the  presence 
of  vegetable  in  animal  oils  may,  for  instance,  be  established  by  showing 
whether  the  unsaponifiable  residue  in  the  sample  contains  cholesterol  or 
phytosterol  or  both.  Hchner  *  has  made  use  of  this  test  in  determining 
the  presence  of  cottonseed  oil  in  lard. 

The  most  ready  means  of  distinguishing  between  cholesterol  and 
phytosterol  is  furnished  by  the  melting-point  (cholesterol  149°,  phytos- 
terol 132°  to  134°)  and  by  the  marked  difference  between  the  form  of  the 
crystals  and  the  manner  of  crystallization  of  the  two  substances. 

Crystallization. — Bomer  f  has  shown  that  if  allowed  to  crystallize 
very  slowly  out  of  a  strong  alcoholic  solution,  preferably  absolute  alcohol, 
in  a  shallow  glass,  the  crystallization  in  the  case  of  cholesterol  alone  begins 
from  the  margin  of  the  liquid  and  gradually  extends  inward  toward  the 
center,  forming  a  uniformly  bright,  thin,  colorless  film  over  the  whole 
surface.  This  film  is  best  removed  with  a  knife  or  spatula  and  pressed 
between   filter-paper.     The   film  will  be   seen,   even   megascopically,   to 


EDIBLE  OILS  AND  FATS. 


407 


foreign  matter.  The  first  procedure  is  the  same  as  above  described  for 
cholesterol,  the  crystals  being  allowed  to  separate  slowly  out  of  a  solu- 
tion in  absolute  alcohol.  Unlike  cholesterol,  no  film  is  formed  on  the 
surface,  but  fteedles  (sometimes  i  cm.  in  length)  are  gradually  elim- 
inated, beginning  at  the  margin  and  extending  inward  mostly  at  the 
bottom.  In  concentrated  solutions,  fine  needles  would  be  uniformly 
deposited  through  the  liquid.  These  are  best  separated  from  the  mother 
liquid  bv  filtration,  as  they  are  not  easily  taken  out  with  a  knife.  They 
may  be  washed  on  the  filter  with  small  amounts  of  absolute  alcohol  for 
microscopical  examination,  or  repeatedly  recrystallized,  as  in  the  case 
of  cholesterol,  till  the  melting-point  is  constant. 

Cholesterol  Crystals,"^ — When  crystallized  separately  under  above 
conditions,  cholesterol  crystals  viewed  under  the  microscope  show  generally 
rhomboidal  forms  of  plates,  as  in  Fig.  95,  but  sometimes  with  a  reenter- 


Fio.  95. — Cholesterol  Crystak  under  the  Microscope.     (After  Bdmer.) 


ing  angle.  The  plates  are  often  grown  together  in  masses.  The  most 
characteristic  forms  are  found  from  the  first  crystallization  or  from 
the  first  film  removed.  Sometimes  quadrilateral  crystals  predominate 
among  the  plates,  often  also  the  other  shapes  shown  are  found  most 
numerous. 

Phyioslerol  Crystals, — Pure  phytosterol  crystallizes  in  needles  or 
narrow  plates,  arranged  commonly  in  star  form  or  in  bunches.  The 
most  common  forms  are  shown  in  Fig.  96,  best  conditions  as  to  shape 
of  cr}'stals  being  obtained  from  slow  cr}'stallizatioa,  in  which  case  the 
needles  arc  finer  and  more  regular. 

The  cr)'stals  are  commonly  in  the  form  of  long,  narrow  plates,  thin 
and  slender,  often  pointed  at  both  ends.  Sometimes  the  jx)ints  are 
lacking,  or  the  ends  are  beveled.  The  more  frequently  they  are  re- 
cr}'stallize(l,  the  larger  and  more  varied  are  the  crystal  forms.  The 
broad,  hexagonal  and  quadrilateral  plates  shown  are   products   of  re- 


*  Zeits.  fiir  Nahr.  u.  Genuss.,  1898,  pp.  42  and  44. 
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crystallization;  the  shorter  forms  are  rarely  met  with.    Sometimes  various 
forms  are  found  side  by  side  in  the  same  crystallization. 

Phjiosterol  crystals,  from  a  second  of  third  recrystallization,  some- 
times grow  together  in  bunches  resembling  at  fitst  glance  to  the  naked 
eye  the  cholesterol  masses.  They  never  do  this  in  the-  first  crystallization, 
whereas  in  the  case  of  cholesterol  the  growing  together  in  masses  is  very 
characteristic  of  the  first  crystallization. 


Fio,  96.— Phjtoslerol  Cn-siab,     (After  Bftmer.) 

Thus  for  purposes  of  distingubhlng  between  the  two  the  product 
of  the  first  crystallization  is  best  observed. 

Crystals  of  Mixed  Cholesterol  and  Phytosterol. — In  mixtures  of  the 
two  they  do  not  crj'stallizc  separately,  but  when  in  nearly  equal  propor- 
tion, or  with  i)hytosterol  jircdominaling,  the  crystals  much  resemble 
phj-tosterol.  Even  when  cholesterol  predominates  to  the  extent  of  20 
parts  to  I  of  phytosterol,  the  mode  of  crj'stallizalion  leans  most  toward 
that  of  ph)'to5terol,  though  the  needles  are  of  different  shape.  Such  a 
mixture,  for  instance,  does  not  form  in  a  film  like  cholesterol,  but,  like 
phytosterol,  comes  out  in  nce<lle-like  bunches.  The  needles,  however, 
are  more  often  like  those  shown  in  Fig.  97  when  vie\ved  under  the  micro- 
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Paraffin,  sometimes  present  as  an  adulterant  of  fats,  is  best  deter- 
mined as  follows :  *  Boil  2  grams  of  the  fat  with  10  cc.  of  95%  alcohol 
and  2  cc.  of  I :  I  sodium  hydroxide  solution,  connect  the  flask  with  a  reflux 
condenser,  and  heat  for  an  hour  on  the  water-bath,  or  until  saponification 
is  complete.  Remove  the  condenser,  and  allow  the  flask  to  remain  on 
the  bath  till  the  alcohol  is  evaporated  off  and  a  dry  residue  is  left.  Treat 
the  residue  with  about  40  cc.  of  water  and  heat  on  the  bath,  with  frequent 
shaking,  till  cver^'thing  soluble  is  in  solution.  Wash  into  a  separatory 
funnel,  cool,  and  extract  with  four  successive  portions  of  petroleum  ether, 
which  are  collected  in  a  tared  flask  or  capsule.  Remove  the  petrok*um 
ether  by  evaporation  and  dr}'  in  the  oven  to  constant  weight. 

It  should  be  noted  that  any  phytosterol  or  cholesterol  present  in  the 
fat  would  come  down  with  the  paraffin,  but  the  amount  would  be  so  insig- 
nificant that  with  added  paraffin  actually  present,  it  may  be  disregardei. 
The  character  of  the  final  residue  should,  however,  be  confirmed  by 
determining  its  melting-point  and  specific  gravity,  and  by  subjecting 
it  to  examination  in  the  butyro-refractometer.  The  melting-point  of 
paraffin  is  about  54.5°  C;  its  specific  gravity  at  15.5°  is  from  0.868  to 
0.915,  and  on  the  butyro-refractometer  the  reading  at  65®  C.  is  from 
II  to  14.5. 

MICROSCOPICAL  EXAMINATION  OF  OILS  AND  FATS. 

Excepting  in  the  case  of  solid  fats,  the  use  of  the  microscope  has 
hitherto  been  comparatively  restricted.  In  the  examination  of  lard  and 
butter  for  aduhcrants,  the  use  of  the  microscope  is  often  of  great  value, 
and  will  ])c  described  more  fully  under  these  special  fats.  In  general 
the  best  fat  cr}'stals  arc  obtained  by  slow  cr)'stallization  at  room  temi)era- 
ture  from  an  ether  >()luti()n,  or  from  a  mixture  of  ether  and  alcohol.  The 
first  cr}'slals  formed  may  (;ftcn  with  advantage  be  filtered  out,  and  washed 
with  the  alcohol  ancl  ether  mixture  on  the  filler,  dissolved  finally  in  ether, 
and  the  latter  allowed  to  evaporate  spontaneously.  The  cr}'stals  are 
tl^'n  examined  in  a  medium  of  ether. 

If  it  l)e  (le.-ired  to  sei)arale  the  liquid  oleins  from  an  oil,  so  that  crystals 
of  the  soHd  fats  arc  left  for  examination.  Gladding  f  recommends  dis- 
solvini'  tlie  fat  in  a  mixture  of  two  volumes  of  absolute  alcohol  and  one 
volume  of  ether  in  a  test-tube,  which  is  stoppered  with  cotton  and  set 
for  half  an  hour  in  ice  water,  during  which  time  the  more  solid  stearin 

*  U.  S.  Dept.  of  Agric,  Bur.  of  Chem.,  Bui.  65,  p.  46. 
j"  Jour.  Am.  Chcm.  Soc,  1896,  18,  p.  189. 
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and  palmitin  will  have  crystallized  out.     This  portion  is  then  separated 
from  the  mother  liquor  by  filtration  through  an  alcohol-wet  filter- paper,  . 
and  the  crystals  finally  treated  as  in  the  precedii^  section,  being  examined 
in  a  medium  of  olive  or  cottonseed  oil. 


OUVE  OIL. 

Source. — OUve  oil  is  derived  from  the  fruit  of  the  cultivated  thom- 
less  oUvc  tree,  Olea  Europaa  saliva*  of  which  there  are  a  great  many 
varieties,  originally  grown  in  Asia  Minor,  Greece,  Palestine,  and  southern 
Europe,  and  now  cultivated  extensively  in  California,  Peru,  and  Mexico, 
as  well  as  in  Australia.  Most  of  the  olive  oil  of  commerce,  especially 
of  the  choicest  varieties,  is  supplied  by  southern  France,  Spain,  and  Italy. 
The  tree  is  an  evergreen  of  slow  growth  and  great  longevity. 

The  ripe  ohve  fruit  is  purple  or  purplish  black  in  color;  it  is  round  or 
oval  in  shape,  and  from  2.5  to  4  cm.  in  diameter.  The  oil  is  contained  in 
the  parenchyma  cells  of  the  fruit  suspended  in  a  watery  fluid.  A  thick 
skin  incloses  the  fruit,  and  within  is  a  kernel,  which  itself  contains  oil 
The  fruit  contains  from  40  to  60  per  cent  of  oil.  According  to  Brannl,t 
the  average  composition  of  the  olive  is  as  follows: 


P». 

PerQ^t. 

Setd. 
PerCmt. 

56-4 

■  6.70 
1.68 

100.00 

79-38 
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or  no  pressure.  After  the  first  pressing,  the  pomace  is  ground,  treated 
with  water,  and  again  subjected  to  pressure.  Several  pressings  in  this 
manner  may  be  carried  out,  each  yielding  an  oil  inferior  to  that  preced- 
ing, the  lowest  grades  being  used  for  lubricants  and  in  the  manufacture 
of  soap. 

Nature  and  Composition. — ^The  better  grades  of  olive  oil,  suitable  for 
table  and  medicinal  purposes,  possess  a  pleasant,  bland  taste,  and  a 
distinctive  and  agreeable  odor,  unmistakable  in  character  for  that  of  any 
other  oil.  The  finest  virgin  oil  is  pale  green  in  color,  due  to  the  presence 
of  chlorophyll,  which  is  closely  associated  with  the  oil  globules  in  the 
cellular  tissue  of  the  fruit.  Some  varieties  of  olive  oil  are  nearly  color- 
less, while  others  are  a  deep  golden  yellow. 

Olive  oil  contains  28%  of  solid  glycerides,  chiefly  palmitin  and  a  very 
small  amount  of  arachin,  and  72%  of  liquid  glycerides,  mainly  olcin  with 
a  H'llc  linolein.     Stearin  is  practically  absent. 

Lewkowitch*  states  that  ohve  oil  differs  from  most  vegetable  oils  in 
containing  cholesterol  but  not  phytosterol. 

Gill  and  Tufts  f  show,  as  a  result  of  numerous  experiments,  that  olive 
oil  is  not  thus  exceptional,  but  that  the  unsaponifiable  alcohol  is  phytos- 
terol and  not  cholesterol. 

OUve  oil  is  very  soluble  in  chloroform,  benzol,  and  carbon  bisulphide, 
but  is  sparingly  soluble  in  alcohol.  Five  parts  of  ether  will  dissolve 
3  parts  of  the  oil. 

Adulterants. — As  a  rule  the  low  grade  olive  oils  are  most  subject 
to  adulteration,  by  reason  of  the  fact  that  it  hardly  pays  to  destroy  or 
even  modify  the  fine  quahty  and  delicacy  possessed  by  a  first  class  oil, 
which  would  inevitably  be  the  result  if  even  a  small  amount  of  foreign  oil 
were  added.  Furthermore,  if  olive  oil  be  slightly  rancid  or  for  any  reason 
lacking  in  flavor,  the  admixture  of  a  bland  oil  tends  rather  to  minimize 

the  fact. 

The  most  common  adulterant  of  olive  oil  in  this  country  is  naturally 
cottonseed  oil,  which  is  often  substituted  wholly  for  it.  In  Europe 
peanut  oil  is  sometimes  used  both  as  an  admixture  and  even  as  a  substi- 
tute, since  it  possesses  in  itself  a  rather  pleasant  flavor,  rendering  it 
especiallv  adapted  for  use  as  an  aduherant.  Other  cheap  oils  used  for 
this  purpose   are   corn,  mustard,  poppyseed,  rape,  sesame,  and  sunflower 


♦  Chcm.  Anal,  of  Oils,  Fats,  and  Waxes,  2d  ed.,  p.  452. 
t  Jour.  Am.  Chcm.  Soc.,  XXV,  1903,  p.  498. 
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oil.  The  writer  has  also  found  in  samples  of  alleged  olive  oil  sold  in 
Massachusetts  cocoanut  oil  *  and  even  &sh  oil. 

Pure  Olive  Oil  of  the  U.  S.  PhannacopcBia. — The  requirements  of  the 
Pharmacopoeia  are  as  follows: 

Specific  gravity,  0.915  to  0.918  at  15"  C.  {59°  F.). 

When  cooled  to  about  10"  C.  (50°  F.),  the  oil  should  become  some- 
what cloudy  from  the  separation  of  crystalline  particles,  and  at  o*'  C. 
(32°  F.)  it  should  form  a  whitbh,  granular  mass. 

If  10  cc.  of  the  oil  be  shaken  frequently,  during  two  hours,  with  a 
freshly  prepared  solution  of  1  gram  of  mercury  in  3  cc.  of  nitric  acid, 
a  perfectly  solid  mass  of  pale  straw  color  should  be  obtained. 

If  6  grams  of  the  oil  be  thoroughly  shaken  in  a  test-tube  for  about 
two  minutes  with  a  mixture  of  1.5  grams  of  nitric  acid  and  0.5  gram  of 
water,  then  heated  in  a  bath  of  boihng  water  for  not  more  than  fifteen 
minutes,  the  oil  should  retain  a  yellow  color,  not  becoming  orange  or 
reddish  brown,  and,  after  standing  at  the  ordinary  temperature  for  about 
twelve  hours,  it  should  form  a  perfectly  solid,  light  yellow  mass  (absence 
of  appreciable  quantities  of  cottonseed  oil,  and  most  other  seed  oils). 

Olive  oil  should  not  show  the  cottonseed  oil  reaction  with  the  Bechi 
test,  p.  418,  nor  the  sesame  oil  reaction  with  ihe  Badouin  test,  p.  420. 

Reactioa  with  Strong  Acid-^Pure  olive  oil,  when  shaken  or  stirred 
wilh  an  equal  volume  of  concentrated  nitric  or  sulphuric  acid,  turns  from 
a  pale  to  a  dark-green  color  in  a  few  minutes.  If,  under  this  treatment, 
a  reddish  to  an  orange,  or  brown  coloration  is  produced,  the  presence 
of  a  foreign  vegetable  oil  (usually  a  seed  oil)  is  to  be  suspected. 

Bach  gives  the  following  tabL-  showing  the  action  of  strong  nitric  acid 
on  various  oils: 
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The  Zeiss  Butyro-refractometer  furnishes  one  of  the  most  useful 
and  easily  applied  preliminary  means  of  judging  the  purity  of  the  sample. 
If  the  reading  is  beyond  the  limits  of  pure  olive  oil,  it  at  once  indicates 
adulteration  and  often  points  to  the  particular  adulterant.  On  the  other 
hand,  it  is  not  always  safe  to  assume  the  oil  to  be  pure  if  the  reading  is 
correct,  since  mixtures  of  higher  and  lower  refracting  foreign  oils  may 
be  so  skillfully  prepared  as  to  read  well  within  the  limits  of  the  pure  oil 
on  the  refractometer  scale.  The  refractometer  reading  of  pure  cottonseed 
oil  is  almost  five  degrees  higher  than  that  of  pure  olive. 

READINGS  ON  ZEISS  REFRACTOMETER  OF  OLIVE  AND  COTTONSEED 

OILS.* 
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Temperature 
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Olive  Oil. 

Cxjttonsced  OiL 
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The  Elaidin  Test,  in  the  case  of  pure  olive  oil,  is  very  distinctive,  since 
it  yields  ])y  far  ihe  hardest  elaidin  of  all  the  common  oils,  and  solidifies 
the  most  quickly. 

ArchbuU  t  shows  the  effect  on  this  test  of  the  mixture  with  olive  oil 
of  various  i)roportions  of  rape  and  cottonseed  oil,  as  follows: 


Kind  of  Oil. 


Olive  oil 

•  . 

II 

r  I 


-*-  I  o^Y  rape  oil 

^20%       "        

+  io9^  cottonseed  oil. 

+  20% 


Minutes  Required  for  Solid- 
ification at  25®  C. 


Consistency. 
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From  9  to  1 1 }  hours 

More  than  11} 


1 1 


K 


Hard  but  penetrable 
Buttery 


I  i 


Very  soft. 
(I       If 


*  Ann.  Rep.  Mass.  State  Bd.  of  Health,  1899,  p.  647.     t  Jour.Soc.  Chem.  Ind.,  1897,  p.  447. 
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Cottonseed  Oil  as  an  adulterant  is  best  detected  by  means  of  the  Hal- 
phen  or  Bechi  tests.  Its  presence  in  notable  quantities  increases  the 
specific  gravity,  refractometer  reading,  and  iodine  number  very  materially. 
Its  high  Maumen^  figure  is  also  distinctive. 

Peanut  Oil,  when  present  to  a  considerable  extent,  betrays  its  presence 
by  its  peculiar  bean-like  flavor.  Most  of  the  constants  of  peanut  oil 
lie  within  the  limits  of  olive  oil,  with  the  exception  of  the  refractometer 
reading,  which  is  somewhat  higher.  A  considerable  admixture  of  peanut 
oil  raises  the  refractometer  reading  perceptibly  over  that  of  pure  olive. 
Ilg  presence  b  best  detected,  however,  by  tests  for  arachidic  acid  (p.  424), 
taking  care  not  to  neglect  the  fact  that  piu^  olive  oils  of  certain  varieties 
have  been  known  t<>  respond  to  these  tests. 

Sesame  Oil  differs  more  particularly  from  olive  in  its  higher  specific 
gravity  and  iodine  and  Maumen^  numbers,  and  b  readily  detected  by 
distinctive  color  tests  (p.  420). 

Rape  Oil  is  characterized  by  a  much  lower  saponification  value  and 
higher  iodine  number  than  olive. 

Com  Oil  differs  materially  from  olive  in  its  exceedingly  high  iodine 
number  and  refractometer  reading.  Its  specific  gravity  and  saponifica- 
tion numbers  arc  also  higher. 

Lard  Oil,  when  present  in  considerable  quantity,  is  often  rendered 
apparent  by  its  characteristic  odor  on  warming.  Its  low  refractometer 
readily  and  iodine  number  are  also  distinctive. 

Poppyseed  Oil  differs  most  widely  from  oUve  oil  in  its  refractometric 
reading,  its  high  dispersion,  ;ind  its  Maumen^  number,  which  in  the  case 
of  poppyseed  is  87°  and  of  olive  about  42°. 

Cocoanut  OU  in  mixture  with  olive  perceptibly  raises  the  solidifjing- 
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and  then  in  succession  try  the  various  color  reactions  for  sesame  and  rape 
oils.  If  all  these  are  absent,  and,  by  abnormal  constants,  or  by  color 
with  nitric  acid,  there  is  reason  to  believe  the  oil  is  adulterated,  determine 
carefully  such  of  the  constants  as  are  most  indicative,  by  their  wide 
variation  from  olive,  of  poppyseed,  mustard,  and  com  oils. 

If  all  these  oils  are  presumably  absent,  and  either  a  high  refractom- 
eter  reading  or  a  color  reaction  with  nitric  acid  still  indicates  adultera- 
tion, peanut  oil  is  more  than  likely  to  be  present,  and  should  be  tested  for 
either  l)y  Rcnard's  or  Bellicr's  method. 

The  edible  oils  and  adulterants  are  arranged  in  order  of  their  relative 
price  about  as  follows: 

Olive  oil. 

Lard  oil. 

Peanut  oil. 

Sesame  oil. 

Poppyseed  oil. 

Rape  oil. 

Com  oil. 

Cottonseed  oil. 

COTTONSEED  OIL. 

Source  and  Preparation. — ^This  oil,  largely  used  as  a  table  oil  and  as 
an  adulterant  of  olive  oil,  is  derived  from  seeds  of  the  various  species 
of  the  cotton  plant,  Gossipiuniy  of  which  the  most  common  are  G.  herba- 
ceum,  native  to  Asia,  but  cultivated  extensively  in  southern  Europe  and 
in  the  United  Slates,  G.  religiosum,  in  China  and  the  East  Indies,  and  G. 
barbadenscy  in  the  West  Indies. 

The  seeds  are  in  reality  a  by-product  in  cotton  manufacture.  In 
shape  they  are  irregularly  oval,  measuring  from  5  to  8  mm.  greatest  diam- 
eter.    The  seed  skin  or  pod  is  covered  with  the  fiber  of  the  cotton. 

The  seeds  arc  first  cleaned  and  separated  from  dirt  by  sifting  machines, 
and  from  the  fiber  by  specially  constructed  gins,  after  which  they  are 
cut  into  small  i)ieces,  freed  from  their  hulls,  crushed  between  rollers,  and 
afterward  sul:)mittecl  to  hydraulic  pressure  in  bags  to  express  the  oil, 
which  is  clarified  l)y  filtration  or  refined.  The  refining  consists  in  wash- 
ing the  crude  oil  with  sodium  hydroxide  solution,  whereby  the  impuri- 
ties are  dissolved  and  thus  removed. 

Nature  and  Composition  of  Seeds  and  Oil. — ^The  seeds  of  the  cotton 
plant  are  rich  in  oil,  containing  from  10  to  29  per  cent,  according  to  the 
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variety.    Four  samples  of  American  cottonseed  were  found  to  be  com- 
posed as  follows,  according  to  Brannt:* 


South 
Coraliru. 
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6.1 
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iron,  magnesia,  potash,  soda,  elc.) 

6.4 

.00.0 

lOO.O 

....0       1     ™.o 

Refined  cottonseed  oil  is  a  pale-yellow  oil  of  thick  consistency,  possess- 
ing a  bland  though  pleasant  taste  and  odor.  It  consists  of  the  gtycer- 
ides  of  oleic,  stearic,  palmitic,  and  Unolcic  acids,  and  evidently  also  a  small 
content  of  hydroxyacids,  though  this  has  not  been  investigated  as  yet. 

On  cooling  the  oil  to  a  temperature  below  13°  C.  particles  of  solid 
fat  will  separate.  At  about  0°  to  —  5°C.  the  oil  solidifies.  When  the 
oil  is  brought  in  contact  with  concentrated  sulphuric  acid,  a  dark,  red- 
dish-brown color  is  instantly  produced. 

Cottonseed  Stearin. — This  product,  used  as  an  adulterant  of  lard 
as  well  as  a  substitute  therefor,  is  obtained  by  submitting  the  oil  to  a  low 
temperature,  and  subjecting  the  solid  portion  that  separates  out  to  pres- 
sure.    It  is  a  light-yellow  fat,  resembling  butter  in  consistency. 

Cottonseed  oil  from  its  cheapness  is  rarely  adulterated  by  the  admix- 
ture of  foreign  oil,  but  inferior  grades  are  often  sold  for  the  best. 

Becbi's  Silver  Nitrate  Test. — Hehner's  Modification. — Two  grams  of 
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sometimes  show  a  slight  reduction  with  Bechi's  test.  In  cases  of  doubt 
it  is  well  to  apply  the  test  on  the  fatty  acids  as  follows: 

Milliau^s  Modification  oj  BechVs  Test.* — Heat  20  grams  of  the 
sample  with  30  cc.  of  iilcoholic  potash  solution  (20%  p:)tassium  hydroxide 
in  70%  alcohol),  shaking  at  intervals  till  saponification  is  complete. 
Continue  the  heating  for  some  minutes  afterward  until  the  alcohol  is 
driven  off,  and  dissolve  the  soap  in  250  cc.  of  hot  water.  Add  a  slight 
excess  of  10%  sulphuric  acid,  and  wash  the  separated  fatty  acids  three 
times  by  decantation  with  water.  Then  proceed  with  a  portion  of  the 
fatty  acids  as  in  Bechi's  test. 

Halphen's  Test. — This  is  a  much  more  delicate  test  for  cottonseed 
oil  than  either  of  the  preceding,  as  little  as  2%  of  cottonseed  oil  being 
rendered  apparent  in  olive  oil.  A  mixture  is  made  of  equal  volumes 
of  amyl  alcohol  and  carbon  bisulphide  in  which  1%  of  sulphur  has  been 
dissolved.  From  3  to  5  cc.  of  melted,  fat  are  mixed  with  an  equal  volume 
of  the  above  reagent  in  a  test-tube,  loosely  stoppered  with  cotton,  and 
heated  in  a  bath  of  boiling  saturated  brine  for  fifteen  minutes.  If 
cottonseed  oil  is  present,  a  deep-red  or  orange  color  is  produced.  In 
its  absence  little  or  no  color  is  developed. 

Previous  heating  of  the  oil  diminishes  the  delicacy  of  the  Halphen 
test,  and  Holde  and  Pelgry  t  state  that  if  cottonseed  oil  has  been  heated 
at  250°  for  ten  minutes,  it  will  fail  to  respond  to  the  test.  With  care, 
however,  a  faint  red  color  is  even  then  obtainable. 

SESAME  OIL. 

Sesame,  otherwise  knowTi  as  benn^,  oil  is  pressed  from  the  seeds  of 
Sesamum  indiciim  and  Scsamum  orienialCy  plants  which  arc  native  to 
southern  Asia,  but  now  extensively  cultivated  in  nearly  all  tropical  coun- 
tries. The  larger  ])()rtion  of  commercial  sesame  oil  is  manufactured  in 
England,   France,    Germany,   and  Austria. 

The  seeds  are  yellow  to  dark  brown,  and  in  some  cases  black,  inclined 
to  the  oval  in  form,  the  average  longest  diameter  being  about  4  mm. 

The  seeds  are  commonly  sul)jected  to  cold  pressure  once,  and  after- 
wards twice  pressed  when  warm,  thus  yielding  three  grades  of  oil.  From 
47  to  60  i)er  cent  of  oil  is  contained  in  the  seeds. 

According  to  Brannt  X  the  composition  of  sesame  seeds  is  as  follows: 

*  Moniteur  Scientifique,  1888,  p.  366. 

t  Jour.  Soc.  Chem.  Ind.,  1899,  18,  pw  711. 

X  Vegetable  Fats  and  Oils,  p.  251. 
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Ori^^. 

Indicum. 

55-63 
30-95 

»i.4a 
3-39 
7-5* 
3-90 

SO-84 

35-25 

Organic  substances 

Protein  therein 

Nitrogen  therein 

Sesame  oil  consists  of  the  glycerides  of  oleic,  stearic,  palmitic,  and 
myristic  acids.  It  is  golden  yellow  in  color,  free  from  odor,  and  pos- 
sesses a  delicate  and  characteristic  flavor,  on  account  of  which  the 
highest  grades  are  by  some  considered  equal  to  olive  oil  as  a  condiment. 
It  is  accordingly  sold  to  some  extent  as  an  edible  oil.  It  was  formerly 
used  as  an  adulterant  of  olive  oil,  but  has  of  late  years  been  largely  dis- 
placed by  cheaper  oils  for  purposes  of  adulteration.  When  cooled  to 
—  3°C-,  sesame  oil  congeals  to  a  yellowish-white  mass.  Concentrated 
sulphuric  acid  converts  it  into  a  brownish-red  jelly. 

Adulterants  to  be  looked  for  in  sesame  oil  are  cottonseed,  poppy- 
seed,  com,  and  rape  oils. 

Tocher's  Test* — One  gram  of  pyrc^allic  acid  is  dissolved  in  15  cc. 
of  concentrated  hydrochloric  acid  and  mixed  with  15  cc.  of  the  sample 
in  a  separatory  funnel.  After  standing  for  a  minute,  the  aqueous  solu- 
tion is  withdrawn  and  boiled.  If  sesame  oil  is  present,  the  solution 
shows  a  red  coloration  by  transmitted,  and  blue  by  reflected,  light. 

Badouin's  Test-t — Dissolve  0,1  gram  of  cane  sugar  in  10  cc.  of  hydro- 
chloric acid  (specific  gravity  1.20)  in  a  test-tube,  and  shake  thoroughly 
vilh  ao  grams  of  tht-  oil  to  Iw  tested  for  one  minute.     Thon  allow  ihc 
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the  agency  of  the  levulose  produced  by  the  inversion  of  the  sugar  by 
hydrochloric  acid.  As  fxuf urol  is  the  chief  product  of  the  reaction  between 
levulose  and  hydrochloric  acicj,  it  was  substituted  as  follows :  Dissolve  2 
grams  of  furfurol  in  100  cc.  of  95%  alcohol,  and  shake  o.i  cc.  of  this  solu- 
tion in  a  test-tube  with  10  cc,  of  the  oil  to  be  tested  and  10  cc.  of  hydro- 
chloric acid  (specific  gravity  1.20)  for  half  a  minute.  The  aqueous 
layer,  on  settling  out,  will  be  colored  deep  red,  if  sesame  is  present. 

Or  0.1  cc.  of  the  alcohol  furfurol  solution  is  mixed  with  10  cc.  of 
oil  and  i  cc.  of  hydrochloric  acid  in  a  separatory  funnel,  shaken  well, 
and  the  separation  aided  by  the  addition  of  chloroform,  which  causes 
the  aqueous  layer,  showing  color  with  sesame  oil,  to  float. 

Since  furfurol  produces  with  hydrochloric  acid  alone  a  violet  colora- 
tion, it  is  necessary  to  use  it  in  dilute  solution  as  above. 


RAPE  OIL. 

Rape  or  colza  oil  is  expressed  from  the  seeds  of  the  Brassica  or  rape- 
plant,  of  which  there  are  three  principal  varities,  Brassica  impus,  B,  com- 
pestriSy  and  B,  rapa,  one  or  another  of  which  are  cultivated  in  nearly 
every  country  of  Europe,  excepting  Greece.  Large  amounts  are  also 
grown  in  India  and  China.  The  seeds  are  small,  round  grains,  from 
2  to  2.5  mm.  in  diameter,  yielding  from  30  to  45  per  cent  of  oil.  The 
seeds,  according  to  Brannt,*  have  the  following  average  composition: 


Fresh  Seeds. 

Old  Seeds. 

Oil 

36.80 

49-30 

2.50 

4.80 
9.10 

38.50 
53-25 

3-II 
3-90 

4-35 

Organic  substances 

Nitrogen  therein 

Ash 

n'ater 

100.00 

100.00 

In  the  process  of  ])rcparalion  the  seeds  are  first  crushed,  and  the  oil 
removed  by  ])r(.'ssing  or  extraction.  The  crude  oil  is  of  a  brownish- 
vcllow  color,  and  when  fresh  is  almost  free  from  taste  and  smull,  so  that 
it  serves,  when  cold  pressed,  as  an  edible  oil,  or  an  adulterant  of  such 
oils.  It  develops  a  disagreeable  and  peculiar  taste  and  odor  on  long 
standing,  due  to  the  i)resence  of  certain  albuminous  and  mucilaginous 
substances  which  it  contains.  These  may  be  removed  by  refming,  usually 
by  treatment  with  sulphuric  acid,  but  the  refined  oil  has  an  unpleasant 
taste  and  odor. 

*  Vegetable  Fats  and  Oils,  p.  240. 
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The  principal  components  of  rape  oil  are  the  glycerides  of  stearic, 
oleic,  erucic,  and  rapic  acids-  The  chief  adulterants  are  cottonseed 
and  poppyseed  oik. 

Palas  Test  for  Rapeseed  Oil.*' — Mix  in  the  cold  30  cc.  of  a  1%  solu- 
tion of  fuchsin,  20  cc.  of  sodium  bisulphite  (specific  gravity  1.31),  200  cc. 
of  water,  and  5  cc.  sulphuric  acid.  If  the  sample  of  oil  to  be  tested  be 
shaken  with  the  reagent,  a  rose-red  coloration  is  obtained  in  the  presence 
of  rape  oil,  said  to  be  delicate  to  the  extent  of  detecting  2%  of  the  oil  in 
mixtures. 


COKN  OR  UAIZE   OIL. 


Com  oil  is  derived  from  the  seed  of  the  American  grain  Zea  mays,  or 
Indian  com,  the  constitution  of  the  yellow  and  white  varieties  of  which 
is,  according  to  And^s,t  as  follows; 


"s-cSr- 

White  Com, 
Per  C™t. 

Organic  mailer 

8J.93 

6,  .95 

10.71 
1. 31 

80.76 

6J.13 
9.61 

l.O* 

10.60 
7.60 

Ncariy  all  the  oil  is  contained  in  the  germ  of  the  seed,  the  oil  con- 
stituting in  fact  over  20%  of  the  germ.  Com  oil  consists  chiefly  of  the 
glycerides  of  palmitic  and  oleic  acids.  There  is  some  doubt  as  to  the 
presence  of  stearin.    It  is  golden  yellow  in  color,  and  possesses  a  pleasant 
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unlike  most  vegetable  oils,  contains  cholesterol.  Olive  oil  was  long 
supposed  to  be  unique  as  a  vegetable  oil  in  containing  this  substance* 
Hopkins,  on  the  assumption  that  cholesterol  occurs  in  com  oil,  sug- 
gested that  a  test  for  com  oil  as  an  adulterant  of  certain  vegetable  oils 
lay  in  the  identification  of  cholesterol. 

Gill  and  Tufts  *  claim  that,  while  the  alcohol  of  com  oil  is  not  phytos- 
terol,  neither  is  it  choleslerol,  but  a  third  substance,  known  as  sitosterol,t 
occurring  in  wheat  and  r}*c. 

There  are  no  color  reactions  identifying  corn  oil  as  such.  Its  pres- 
ence in  other  oils  is  indicated  only  by  its  influence  on  Ihc  various  con- 
stants, the  iodine  number  and  refractometric  reading  especially  being 
much  higher  than  those  of  other  edible  oils. 

PEANUT  OIL. 

Peanut  or  arachis  oil  is  obtained  from  the  seeds  of  the  Arachis  hypo- 
gcFa  (peanut,  ground  nut,  or  earth  nut)  cultivated  in  most  tropical  coun- 
tries, notably  in  South  America,  China,  India,  and  Japan.  The  plant 
is  a  creeping  herb,  developing  its  blossoms  in  the  axes  of  the  leaves.  The 
fruit  buds  grow  down  into  the  earth,  where  the  fmit  is  ripened,  forming 
the  well-known  peanuts  of  commerce,  the  composition  of  which,  accord- 
ing to  Brannt,  is  as  follows: 


Per  Cent. 

Per  Cent. 

Oil 

37.48 
52.86 

27.25 
2.43 
7.37 

to    41-63 
"     53.12 

27.85 
"        2.^0 

"       2.75 

Organic  substances 

Albumin  therein 

Ash 

Water 

100.00 

100.00 

Peanut  oil  is  composed  chiefly  of  the  glyccrides  of  oleic,  palmitic, 
hypogjeic,  and  arachidic  acids.  The  oil  is  extracted  ])y  j)rcssurc,  the 
first  cold -drawn  oil  being  y)ractically  colorless,  and  possessing  a  pleasant 
taste  suggestive  of  kidney  beans.  It  is  especially  adapted  for  use  as 
a  salad  or  table  oil.  A  second  pressure  of  the  moistened  residue  from 
the  first  yields  an  inferior  oil,  yellowish  in  color,  also  somewhat  used 
for  edible  puq)oses,  and  sometimes  commercially  called  *'butterine  oil, 

*  Jour.  Am.  Chcm,  Sex:.,  XXV,  1903. 

t  Burian,  Monatsh.  Chem.,  18,  1897,  p.  551. 
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Adulteranta  of  peanut  oil  are  cottonseed,  poppyseed,  rape,  and 
sesame  oils.  Very  Uttle  pure  peanut  oil  is  found  in  commerce  in  the 
United  States,  It  is  to  be  looked  for  as  an  adulterant  of  French  and 
Italian  olive  oils. 

Characteristic  Tests. — Peanut  oil,  when  pure  or  nearly  pure,  may 
as  a  rule  be  readily  identified  from  other  oils.  When  present  in  large 
admixture  in  other  oils  it  is  not  difficult  to  detect,  but  when  only  a  small 
amount  is  present,  in  olive  oil  for  instance,  its  detection  becomes  a  more 
troublesome  matter. 

This  difficulty  arises  from  the  fact  that  the  constants  of  peanut  oil 
are  nearly  the  same  as  those  of  olive,  with  the  single  exception  of  the 
refractometric  reading.  Furthermore,  there  is  no  readily  applied  color 
test   identifying  peanut  oil. 

All  the  other  common  adulterants  of  olive  oil,  as  cottonseed,  sesame, 
com,  poppyseed,  and  rape  oils,  are  readily  identified,  when  present  in 
small  amounts,  either  by  special  color  tests,  or  by  reason  of  the  fact  that 
certain  of  their  constants  differ  \ery  widely  from  those  of  olive  oil.  Much 
more  care  and  precaution  are  necessary-  in  dealing  with  small  admixtures 
of  peanut  oil  than  with  almost  any  other  adulterant. 

The  Renard  Test*  has  long  been  in  use  for  detecting  and  esLimating 
peanut  oil  in  mixtures,  but  cannot  be  regarded  as  entirely  satisfactory, 
since  it  has  been  found  to  give  the  reaction  for  arachidic  acid  in  cases  of 
certain  varieties  of  pure  olive  oil,  as  well  as  of  cottonseed  and  sesame 
oils,  known  to  be  free  from  peanut  oil.  Under  these  conditions  it  can 
hardly  be  regarded  as  infallible,  and  by  many  is  deemed  useful  chiefly 
as  a  confirmatory  negative  test  in  proving  the  absence  of  peanut  oil  from 
a  doubtful  sample. 
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the  soap  when  cdd  adheres  to  the  sides  of  the  flask.  The  ^vater  and 
excess  of  lead  acetate  can  then  be  poured  out,  leaving  the  soap  in  the 
flask.  Wash  by  shaking  and  decantation,  fixi^  with  cold  water  and 
then  with  90%  alcohol.  Add  aoo  cc.  of  ether,  ,oork  the  flask,  and  allow 
to  stand  with  occasional  shaking  till  the  soap  is  disint^;rated,  after  which 
boil  on  a  water-bath  under  a  reflux  condenser  for  five  minutes.  Cool 
the  soap  solution  down  to  a  temperature  between  15^  and  17%  and  allow 
it  to  stand  for  about  twelve  hours. 

Filter  and  wash  the  precipitate  with  ether,  after  which  the  soap  in 
the  filter  is  washed  back  into  the  original  flask  with  a  stream  of  hot  water 
acidulated  with  hydrochloric  acid. 

Add  an  excess  of  hydrochloric  acid  and  enough  hot  water  to  make 
a  volume  of  from  300  to  400  cc,  and  cool  in  ice  water  till  the  fatty  acids 
have  hardened  and  separated  from  the  lead  chloride.  Then  filter,  wash 
the  precipitate  with  water,  and,  after  draining  dry,  pour  slowly  through  the 
filter  25  cc.  of  boiling  95%  alcohol.  The  crystals  of  arachidic  acid  separate 
out  as  the  solution  cools.  To  further  purify,  filter  and  wash  the  pre- 
cipitate into  a  flask  with  a  stream  of  alcohol,  measuring  the  volume  used, 
which  should  be  about  20  cc.  Cork  the  flask,  shake,  and  again  filter, 
and  wash  with  70%  alcohol.  Finally  dissolve  off  the  precipitate  with 
boiling  absolute  alcohol,  evaporate  to  dryness  in  a  tared  dish,  dry  and 
weigh.  To  the  weight  add  0.0025  gram  for  each  10  cc.  of  95%  dcohol 
used  in  the  crystallization  and  washing,  if  done  at  15^  C,  and  0.0045  gram 
for  each  10  cc.  if  done  at  ao^. 

The  appro}dmate  amount  of  peanut  oil  is  found  by  multiplying  the 
weight  of  arachidic  acid  by  20. 

Arachidic  acid  crystals  thus  obtained  should  be  examined  micro- 
scopically, and  the  melting-point  determined.  For  arachidic  acid  obtained 
in  this  manner  the  melting-point  should  lie  between  71°  and  72°  C. 

Methods  of  J.  Bellier.* — Qualitative  Test. — Saponify  i  gram  of  the 
oil  with  5  cc.  of  an  alcoholic  potash  solution  containing  85  grams  po- 
tassium hydroxide  per  liter  of  strong  alcohol,  conducting  the  saponi- 
fication in  a  small  Erlenmeycr  flask  on  the  water-bath.  After  saponi- 
fication, boil  for  two  minutes,  neutralize  with  dilute  acetic  acid,  using 
phenolphthalein  as  an  indicator,  and  cool  by  setting  the  flask  in  water 
at  a  temperature  of  from  17®  to  19®.  After  a  short  time,  a  precipitate 
nearly  always  comes  down.  Then  add  to  the  solution  50  cc.  of  70% 
alcohol,  containing  1%  by  volume  of  strong  hydrochloric  acid  (specific 

^  Ann.  Chim.  Ana].,  xSgg,  4,  p.  49;  Zdta.  fOr  untenodL  Nalir.9  xSgg,  a,  p.  736. 
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gravity  1.20).  Cork  the  flask,  shake  vigorously,  and  again  cool  by  setting 
the  flask  in  the  above  cooling-bath.  In  the  absence  of  a  precipitate,  the 
oil  may  be  pronounced  free  from  peanut.  If  10%  or  more  of  peanul  oil 
is  present,  a  more  or  less  characteristic  precipitate  forms,  and  often  with 
less  than  10%  a  cloudiness  in  the  solution  is  perceptible  after  standing 
between  17°  and  19°  for  half  an  hour.  Pure  olive  oil  remains  perfectly 
clear  as  a  rule. 

A  few  varieties  of  oUve  oil  from  Tunis  especially  high  in  solid  fat 
acids,  as  well  as  cottonseed  oil  and  sesame  oil,  give  similar  turbidity  on 
the  addition  of  the  70%  alcohol.  To  distinguish  between  these  oils 
and  peanut  oil,  heat  the  mixture  on  the  water-bath  till  complete  solution 
takes  place,  and  again  cool  to  17°  to  19°.  In  the  case  of  peanut  oil  the 
cloudiness  or  precipitate  again  occurs  to  the  same  extent  as  before,  while 
in  the  other  cases  the  solution  should  remain  clear  or  nearly  so. 

Quantitative  Determination. — Saponify  5  grams  of  the  oil  with  25  cc. 
of  the  above  alcohoUc  potash  solution  in  a  25o-cc.  Erlenmcyer  flask, 
neutralize  exactly  with  acetic  acid,  and  cool  quickly  in  water.  After 
standing  an  hour,  pour  upon  a  9-cc.  ^tcr  and  wash  the  precipitate  with 
;o%  alcohol  containing  18%  by  volume  of  hydrochloric  acid,  the  tem- 
perature of  the  solution  being  not  less  than  16°  nor  more  than  20°.  Con- 
tinue the  washing  till  the  wash  water  no  longer  shows  turbidity  when 
diluted  with  water. 

Dissolve  the  precipitate  in  25  to  30  cc.  of  hot  95%  alcohol,  dilute  with 
water  until  the  alcohol  is  70%,  let  stand  in  water  at  ao°,  filter,  wash  with 
70%  alcohol,  dry  at  100°  and  weigh. 

BcUier  states  that  he  has  recognized  with  certainty  as  small  an  admix- 
ture as  2%  of  peanut  oil  by  this  method. 


BNBLB  OILS  AND  PATS. 


497 


Mustard  oil  is  an  alleged  adultexant  of  edibk  oils,  though  by  no  means 
a  common  one. 


:i.>i:m 


OIL. 


This  oil  is  obtained  from  the  seeds  of  the  opium  poppy  {Papaver 
somnijerum),  native  in  the  coimtries  east  of  the  Mediterranean,  and  cul- 
tivated extensively  for  opium  and  for  oil  in  all  parts  of  Europe,  Asiatic 
Turkey,  Persia,  Egypt,  India,  and  China.  Most  of  the  oil  of  commerce 
comes  from  France  and  Germany. 

There  are  two  chief  varieties  of  poppy,  the  black  (P.  nigrum)  and 
the  white  (P.  album)  y  the  finest  oil  being  produced  from  the  white.  The 
seeds  are  somewhat  flattened  in  fonn  and  kidney-shaped,  yielding  from 
40  to  60  per  cent  of  oiL  According  to  Brannt  the  seeds  have  the  follow- 
ing composition: 


WUte  Poppyw 

Black  Poppjr- 
seed. 

Ofl. 

55-^ 
3d.zz 

r6.89 
8.85 
zoo.oo 

SZ.36 

35-»4 

Z7.S0 
4-00 
9.50 

zoo.oo 

Organic  subttanoei. .... 

Protein  thendn 

Aih 

Water • ••• 

The  oil  is  obtained  by  crushing  the  seeds  and  applying  pressure. 
The  best  grade  of  cold-drawn  oil  is  pale  yellow  in  color,  possessing  a 
pleasant  taste  when  fresh,  and  being  practically  free  from  odor.  Lower 
grades  shade  into  deeper  yellow  and  even  reddish  color,  possessing  a 
strong  taste  and  odor.  Poppyseed  oil  is  much  used  in  Europe  as  a  table 
oil,  and  docs  not  readily  turn  rancid.  It  is  composed  of  the  glycerides  of 
stearic,  palmitic,  and  linoleic  acids.  Poppyseed  oil  has  been  used  to  some 
extent  as  an  adulterant  of  oUve  oiL  It  is  itself  not  infrequently  adulter- 
ated with  sesame  oil. 


SUNFLOWER  OIL. 


Sunflower  oil  is  derived  from  the  seed  kernels  of  the  plant  of  the  same 
name  (Helianihus  annuus)^  originally  grown  in  Mexico,  but  now  culti- 
vated most  extensively  on  a  commercial  scale  in  southern  Russia. 
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According  to  S.  M.  Babcock  *  the  comf>osition  of  sunflower  seeds 
is  as  follows: 


Air-dry. 

Dried. 

33-4S 
"■43 

lOO.OO 

3 

i! 

oo 
8S 

7' 

S» 

oo 

Albuminoids  (Nx6.as) 

Nitmgen-free  extract 

Fm  (ether  extract) 

The  seeds  are  long,  black,  and  oval  in  shape,  yielding  from  i8  to  28 
per  cent  of  oil.  The  liquid  fatty  acids  of  sunflower  oil  consist  for  the 
most  part  of  linoleic,  but  little  oleic  acid  being  found. 

The  seeds  are  first  shelled,  then  crushed,  and  finally  submitted  to 
pressure  both  cold  and  hot, 

Sunflower  oil  is  pale  yellow  in  color,  has  a  mild,  pleasant  taste,  and 
is  nearly  free  from  odor.  The  cold-drawn  oil  is  the  variety  most  used 
for  edible  and  culinary  purposes  in  Russia,  and  as  an  adulterant  of  olive 
oil.  Its  use  as  an  adulterant  is,  however,  limited,  and  the  writer  has  no 
knowledge  of  its  having  been  found  in  olive  oils  used  in  the  United  Slates. 


Rosin  oil  is  prepared  by  the  distillation  of  common  rosin,  and  is  an 
alleged  adulterant  of  olive  oil.  It  may  be  detected  when  present  l)y 
shaking  i  to  2  cc.  of  the  sample  with  acetic  anhydride  while  warming. 
Cool,  remove  the  anhydride  by  a  pipette,  and  add  a  drop  of  sulphuric 
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oil  polarizes  from  +30  to  +40  on  the  cane  sugar  scale,  while  other  oils 
have  a  reading  between  + 1  and  —  i. 


COCOANUT    OIL. 

Cocoanut  oil  is  the  fat  expressed  from  the  kernels  of  the  cocoanut 
or  fruit  of  the  cocoa  palm  (Cocos  nucijera),  indigenous  to  the  South  Sea 
Islands  and  to  the  East-Indian  archipelago,  but  grown  in  many  tropical 
countries. 

It  is  sometimes  known  as  '* copra  oil,"  from  the  copra  or  pulp,  which 
contains  from  60  to  70  per  cent,  of  fat.  According  to  Brannt,  the  com- 
position of  the  pulp  is  as  follows: 


Oil 

Organic  substances 

Albuminous  substances 

Ash 

Water 


Indian  Copra. 


68.75 
23-65 

1-45 
6.15 

100.00 


9.16 


African  Copra. 


66.80 
25-25 

1.50 
6.45 

100.00 


10.20 


In  the  preparation  of  the  oil  the  moist  copra  is  separated  from  the 
shell,  crushed  in  mortars  and  subjected  to  pressure,  yielding  a  milky 
mass.  This  is  then  heated  in  boilers,  and  the  oil  which  rises  to  the  sur- 
face is  removed  by  skimming. 

In  some  localities  the  pulp  is  first  dried  and  then  pressed. 

Cocoanut  oil  is  usually  white  and  possesses  a  mild  taste  and  pleasant 
odor.  The  cold-drawn  Malabar  oil  is  of  greenish  color,  and  is  used  by 
the  natives  as  an  edible  oil  or  substitute  for  butter.  This  variety  is  seldom 
found  in  commerce. 

Cocoanut  oil  contains,  besides  palmitin  and  olein,  large  proportions 
of  myristin  and  laurin.  Unlike  the  other  vegetable  oils,  it  contains  also 
notable  (juantitics  of  the  glycerides  of  the  volatile  fatty  acids  caproic, 
ca])ric,  and  capr}'lic,  hence  the  high  saponification  value  and  Reichert 
number  are  the  two  most  distinguishing  constants.  The  oil  is  rarely 
adulterated. 

Cocoanut  oil  easily  becomes  rancid.  According  to  Andes,  cr)'stals  of 
cocoanut  oil  appear  under  the  microscope  as  a  thick  network  of  long 
needles. 
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This  preparation  b  not,  properly  speakii^,  in  itself  an  edible  fat.  It 
is  a  by-produrt  in  the  manufacture  of  cocoa,  being  removed  by  pressure 
from  the  crushed  and  ground  cocoa  nibs.  The  fat  in  cocoa  beans  varies 
from  36  to  50  per  cent.  The  expressed  fat  is  yellowish  white,  of  a  tallow- 
like consistency,  has  a  pleasant  taste  and  an  odor  suggestive  of  chocolate. 
It  keeps  a  long  time  without  turning  rancid.  In  composition  it  consists 
of  the  glycerides  of  stearic,  palmitic,  and  lauric  acids,  with  traces  of  the 
glycerides  of  arachidic  and  butyric  acids. 

Its  demand  for  pharmaceutical  purposes  is,  however,  sufficiently  great 
to  render  the  use  of  cocoa-butter  as  an  adulterant  of  food-fats  extremely 
rare.  It  should  be  borne  in  mind  as  a  possible  adulterant  in  examining 
various  oib. 

It  is  subject  to  adulteration  with  paraffin,  tallow,  and  cottonseed 
stearin. 


The  rendered  fats  of  various  animak,  especially  the  cow  and  sheep, 
constitute  what  is  generally  known  as  tallow.  The  untreated  fatty  tis- 
sues arc  more  properly  known  as  suet,  the  tallow  being  the  clear  fat 
separated  entirely  by  heat  from  the  cellular  material. 

Tallow  consists  almost  entirely  of  olein,  palmitin,  and  stearin.  Mut- 
ton tallow  is  usually,  but  not  always,  harder  than  beef  tallow. 

Excepting  in  the  manufacture  of  material  for  oleomargarine)  wherein 
the  heart  and  caul  fats  of  beef  are  almost  exclusively  used,  the  fats  from 
difforenl  imrla  of  ihe  animal  arc  nol,  as  a  rule,  i^eparaled. 
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Butter  fat  is  of  extremely  complex  composition,  containing  a  larger 
variety  of  glycerides  than  any  other  fat.  Besides  olein,  palmitin,  and 
stearin,  the  usual  glycerides  of  the  insoluble  or  fixed  fatty  acids  found 
in  most  fats,  butter  contains  notable  quantities  of  the  glycerides  of  a 
number  of  the  volatile  fatty  acids,  chief  among  which  are  butyrin,  caproin, 
caprin,  and  caprylin,  to  which  are  due  its  distinctive  taste,  and  which 
by  exposure  to  light  and  air  readily  become  decomposed  into  their  fatty 
acids — butyric,  caproic,  capric,  and  caprylic,  respectively.  This  decom- 
position in  butter  causes,  or,  more  properly  speaking,  accompanies,  what 
is  commonly  known  as  "rancidity." 

The  process  of  separation  of  butter  fat  into  its  component  glycerides 
is  a  matter  of  extreme  difficulty,  and  results  obtained  by  different  chemists 
var)'  widely.  Separation  has  been  attempted  by  fractional  distillation, 
by  methods  depending  on  the  difference  in  chemical  affinity  of  the  various 
acids,  and  on  the  difference  in  solubility  of  the  various  lower  homo- 
logues  in  water  at  different  temperatures.* 

According  to  Browne,  the  composition  of  butter  fat  is  as  follows; 


Acid. 

Dioxystearic.  .. 

Oleic 

Stearic 

Palmitic 

Myristic 

Laurie 

Capric 

('apnlic 

Caproic 

Butvric 

Totals 


Percentage  of 
Acid. 


1. 00 

32.50 
1.83 

38.61 
9.89 

2.57 
0.32 

0.49 

2.09 

5-45 
94.75 


Percentaijro  of 
Triglyceride*. 


1.04 

33-95 
1. 91 

40.51 

10.44 

2.73 
0-34 

0.53 
2.32 

6.23 
100.00 


. 


Upwards  of  300  analyses  of  butter  are  summarized  by  Konig  in  the 
following  table: 


Minimum. 
Maximum 
Mean 


1                                    ; 

Wator.             Fat,             Casein.     '      Milk, 
PcrQmt.      PcrCfnt.    ;  Per  Cent.   1  Per  Cent. 

SuRar, 
Per  Cent. 

Lactic  Acid, 
Per  a-nt. 

4.15 
35-15 
13-59 

60.96 
86.15 

84.39 

0.19 

4.78 
0.74 

0.50 

0.45 
1. 16 

0.12 

Salt.s, 
Per  Cent. 


0.02 

I«;.o8 

0.66 


*  Browne,  .\  Contribution  to  the  Chemistiy  of  Butter  Fat,  Jour.  Am.  Chem.  Soc.,  21, 
1899,  p.  807. 
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ANALYSES  OF  BUTTER. 


Preparation  of  the  Sample. — {A.  O.  A.  C.  Method.)  * — If  large  quan- 
tities of  butter  are  to  be  sampled,  a  butter-trier  or  sampler  may  be  used. 
The  portions  thus  drawn,  about  500  grams,  are  to  be  perfectly  melted 
in  a  closed  vessel  at  as  low  a  temperature  as  possible,  and  when  melted, 
the  whole  is  to  be  shaken  violently  for  some  minutes  till  the  mass  U  homo- 
geneous, and  sufficiently  solidified  to  prevent  the  separation  of  the  watei 
and  fat,  A  portion  is  then  poured  into  the  vessel  from  which  it  is  to  be 
weighed  for  analysb,  and  should  nearly  or  quite  fill  it.  This  sample 
should  be  kept  in  a  cold  place  till  analyzed. 

Water. — About  a  grams  of  the  sample  are  weighed  in  a  flat-bottomed 
platinum  dish  such  as  b  used  for  determining  water  in  milk,  and  the  dish 
and  its  contents  kept  in  contact  with  the  live  stream  of  a  water-bath  till 
a  constant  weight  is  attained. 

Fat. — ^This  may  be  determined  either  directly  or  indhectly.  Foi 
the  direct  determination,  a  weighed  amount  of  the  sample,  from  2  to  3 
grams,  is  first  dried  at  100°  in  sand  or  asbestos,  contained  in  a  thin  and  fragile 
round-bottomed  evaporating-shell  (Hoffmeister's  Schalchen).  If  desired) 
the  moisture  may  be  determined  in  this  connection  by  loss  in  weight  after 
drying.  The  shell  is  afterwards  inclosed  in  a  piece  of  fat-free  filter- 
paper,  and  crushed  in  pieces  between  the  fingers  in  such  a  manner  as 
lo  avoid  loss.  The  pieces  are  gathered  in  a  mass  and  folded  together 
in  the  filter-paper  to  form  a  packet  of  a  size  readily  transferable  to  a 
Soxhict  extractor,  in  which  the  fat  is  removed  in  the  usual  manner  and 
weighed,  after  dr>'ing,  in  a  tared  flask. 
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Ash. — ^About  lo  grams  of  the  butter  are  transferred  to  a  tared  flask 
of  about  ICG  cc.  capacity,  and  its  exact  weight  determined.  About  50  cc. 
of  ether  or  naphtha  are  then  added,  and  the  fat  dissolved  by  shaking,  pour- 
ing the  solution  upon  an  ash-free  filter  or  on  a  tared  Gooch.  Wash  out 
the  flask  and  the  residue  on  the  filter  with  fresh  portions  of  ether  or  naphtha, 
dry  the  residue,  and  if  filter-paper  is  used,  transfer  to  a  porcelain  dish 
and  bum  to  a  white  ash  in  a  muffle  or  over  a  free  flame,  or  bum  the  Gooch 
directly.     Cool  in  a  desiccator  and  weigh. 

Casein. — Proceed  with  10  grams  of  the  fat  as  in  the  preceding  section 
up  lo  the  point  of  washing  the  residue  upon  a  fiher.  T>r\  the  residue 
on  the  fiher  and  determine  the  nitrogen  according  to  the  Gunning  method, 
making  a  blank  test  on  the  filter  and  reagents: 

Nitrogen  X  6.37  =  casein. 

Milk  Sugar  and  Lactic  Acid  compose  most  of  the  undetermined 
matter  remaining  after  deducting  from  the  total  solids  the  sum  of  the 
fat,  casein,  and  ash.  Determine  milk  sugar,  if  desired,  in  an  aqueous 
extract  of  the  butter  by  Fehling's  solution. 

Determination  of  Salt. — In  a  tared  dish  or  beaker  weigh  out  about 
5  grams  of  butter,  taking  a  gram  or  so  at  a  time  from  different  parts  of 
the  sample.  Add  hot  water  to  the  weighed  part,  and  after  it  has  melted,  the 
contents  of  the  dish  are  poured  into  a  separatory  funnel,  shaken  and 
allowed  to  stand  till  the  fat  collects  at  the  top,  after  which  the  underlying 
aqueous  solution  is  drawn  oflF  into  an  Erlenmeyer  flask,  leaving  the  fat 
in  the  funnel  bulb.  Hot  water  is  again  added,  and  from  ten  to  fifteen 
extractions  are  made,  using  about  20  cc.  of  water  each  time,  all  the  water 
being  collected  in  the  Erlenmeyer  flask. 

A  few  drops  of  a  solution  of  potassium  chromate  are  then  added  for 
an  indicator,  and  the  sodium  chloride  volumetrically  determined  by  a 
standard  silver  nitrate  solution. 

Salted  butter  contains  from  0.5  to  6%  of  salt. 

Examination  of  Butter  Fat. — ^The  butter  fat  is  best  obtained  free 
from  curd  and  salt  by  filtering  when  hot,  the  sample  being  best  melted 
in  a  beaker  on  the  water-bath.  The  water,  with  the  curd  and  salt,  will 
settle  to  the  bottom.  The  clear  fat  is  then  filtered  at  a  temperature  not 
exceeding  50°  C,  and  subjected  to  such  examination  as  may  be  desired 
to  determine  its  purity. 

U.  S.  Standard  Butter  Fat  has  a  Reichert-Meissl  number  not  less 

4.0° 
than  24  and  a  specific  gravity  not  less  than  0.905  at  — 5  C. 
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ADULTERATION  OF  BUTTiaU 


The  artifidal  coloring  of  butter  is  an  art  praaiced  for  so  many  years, 
and  is  so  fax  in  accord  with  the  popular  demand,  that  it  can  hardly  be 
considered  as  an  adulteration.  The  most  recent  custom  of  adding  pre- 
servatives other  than  salt  to  butter  is,  however,  very  properly  considered 
in  most  localities  as  reprehensible,  unless  the  character  and  amount  of 
the  preservative  be  made  clear  to  the  purchaser  by  a  suitable  label. 

The  most  common  and  time-honored  sophistication  is  the  substitu- 
tion in  whole  or  in  part  of  foreign  fat,  as  in  the  case  of  oleomargarine, 
and,  more  recently,  in  the  fraudulent  sale  of  renovated  or  process  butter 
for  the  freshly  made  article. 

TJ.  S.  Standard  Butter  is  butter  containing  not  less  than  82.5%  of 
butter  fat. 

Artificial  coloriitg  matter  hi  Butter.— Formerly  carrot  juice 

and  annatto  were  used  almost  entirely  as  butter  colors.  The  carrot  furnished 
to  the  farmer  a  ready  means  of  coloring  his  dairy  butter,  and  its  use  was 
long  in  vogue  for  this  purpose,  before  the  commercial  butter  colors  were 
available.  Other  vegetable  colors,  such  as  turmeric,  marigold,  saEfron, 
and  safBower,  are  said  to  have  been  used  for  this  purpose,  but,  with  the 
possible  exception  of  turmeric,  the  writer  is  not  aware  of  authentic  cases 
in  which  they  have  been  found  in  recent  years.  While  annatto  as  a  butter 
color  is  still  in  use,  it  is  rapidly  giving  place  to  various  oil-soluble,  azo  coal- 
tar  colors,  which  are  admirably  adapted  to  the  purpose.  All  butter 
colors  are  now  put  on  the  market  in  solution  in  oil,  usually  cottonseed 
in  this  country  and  sesame  in  Europe. 

Detection. — Martin*   devised   a   general  scheme,  applicable   for  the 
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Tufmenc  is  to  be  suspectedi  if  ammonia  turns  the  alcoholic  eztiact 
brown;  marigold^  if  silver  nitrate  turns  it  black,  and  a$matto^  if  on  ev^x>* 
rating  the  alcoholic  solution  to  dryness  and  applying  to  the  residueadrop 
of  concentrated  sulphuric  addi  a  greenish-blue  coloration  is  produced. 

Turmeric  is  further  tested  for  in  the  residue  from  the  alcoholic  extract 
as  above  obtained,  by  boiling  the  residue  in  a  few  cubic  centimeters  of 
a  dilute  solution  of  boric  acid  (or  a  solution  of  borax  acidulated  with 
hydrochloric  acid),  and  soaking  a  strip  of  filter-paper  therein.  On  drying 
the  paper,  if  it  assumes  a  cherry-red  color,  turning  dark  olive  by  dilute 
alkali,  the  presence  of  turmeric  is  assured. 

Carrotin  (the  coloring  matter  of  the  carrot  root)  does  not  impart  its 
color  to  the  alcohol  layer  in  Martin's  test.  Moore  ♦  has  pointed  out 
this  exception,  and  shown  that  while  with  carrotin  present  the  alcohol 
layer  in  Martin's  test  remains  colorless,  as  in  the  case  of  uncolored  butter, 
that  when,  however,  a  drop  of  very  dilute  ferric  chloride  is  added,  and  the 
test-tube  shaken,  if  carrotin  be  presenti  the  alcohol  will  gradually  absorb 
the  yellow  color  from  the  butter.  Care  must  be  taken  to. avoid  an  excess 
of  ferric  chloride,  as  very  little  of  this  reagent  will  suffice. 

Allen  states  that  a  butter  color  commercially  known  as  ''carrotin'' 
consists  in  reality  of  i  part  of  annatto  in  4  parts  of  oiL 

Detection  of  Annatto  in  Buttar^— Treat  s  or  3  grams  of  the  melted 
ax\4  filtered  fat  (freed  bom  salt  and  water)  with  warm,  dilute  sodium 
hydroxide.  After  stirring,  pour  the  mixture  while  warm  upon  a  wet 
filter,  using  to  advantage  a  hot  funnel.  If  annatto  is  present,  the  filter 
will  absorb  the  color,  so  that,  when  the  fat  is  washed  off  by  a  gentle  stream 
of  water,  the  paper  will  be  dyed  straw  cobr.  It  is  well  to  pass  the  warm 
alkaline  filtrate  two  or  three  times  through  the  fat  on  the  filter  to  insure 
removal  of  the  color. 

If,  after  drying  the  filter,  the  color  turns  pink  on  application  of  a 
drop  of  stannous  chloride  solution,  annatto  is  assured. 

Detection  of  Coal-tar  Colors  in  Butter. — Geisler^s  Meiliod.^ — A  few 
drops  of  the  clarified  fat  are  spread  out  on  a  porcelain  surface  and  a  pinch 
of  fullers'  earth  added.  In  the  presence  of  various  azo-colors,  a  pink 
to  violet-red  coloration  will  be  produced  in  a  few  minutes.  Some  varieties 
of  fullers'  earth  react  much  more  readily  with  the  azo-dyes  than  do  others. 
In  fact  some  do  not  respond  at  alL  When  once  a  satisfactory  sample  of 
\  this  reagent  is  obtained,  a  large  stock  should  be  secured  of  the  same  variety. 

Lffw^s  Method.X — A  small  amount  of  material  to  be  tested  is  mdted 


*  Analyst*  it,  p.  163.         f  Jour.  Am.  Chem,  Soc*  m^  1898^  p.  xxa         %  Ibid^  so^  p.  889. 
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in  a  test-tut^,  an  equal  volume  of  a  mixture  of  i  part  of  concentrated 
sulphuric  acid  and  4  paru  of  glacial  acetic  acid  are  added,  and  the  tube 
is  hcatc-d  ncariy  to  the  boiling-point,  the  contents  being  thoroughly  mixe'! 
by  shaktr^;  the  tubes  are  set  aside,  and  after  the  acid  solution  ha^  settled 
out  it  will  have  been  colored  wine-red  in  the  presence  of  azo-color,  whiU 
with  pure  butter  fat,  comparatively  no  c<Jor  nill  be  produced. 

DooUttte's  Method  for  Azo-colon  and  Annatto.* — The  melted  sampk- 
ii,  lirit  filtered.  Two  test-tubes  are  taken  and  into  each  are  poured  about 
2  grams  of  the  filtered  fat,  which  is  dissolved  in  ether.  Into  one  test- 
tube  are  poured  i  or  2  cc.  of  dilute  hydrochloric  acid,  and  into  the  other 
about  the  same  volume  of  dilute  potassium  hydroxide  solution.  Both 
tubc-i  arc  well  shaken  and  allowed  to  stand.  In  the  presence  of  azo- 
dye,  the  test-tube  to  which  the  acid  has  been  added  will  show  a  pink 
to  wine-red  coloration,  while  the  potash  solution  in  the  other  tube  will 
show  no  color.  If  annatto  has  been  used,  on  the  other  hand,  the  pota^i^h 
solution  will  be  colored  yellow,  while  no  color  will  be  apparent  in  the 
acid  solution. 


PRESERVATIVES   AND  THEIR   DETECTION. 

Fresh  or  uasalted  butter  and  renovated  butter  are  often  found  with 
an  added  preservative,  the  one  most  commonly  used  for  this  purpose 
being  the  so-called  "boric  mixture"  (borax  and  boric  acid)  already  dis- 
cussed under  milk  adulteration.  Salted  butter  is  occasionally  though 
not  so  often  found  preserved.  Other  preservatives  used  in  butter  are 
formaldehyde  and  salicylic  and  sulphurous  acids.  These  latter  arc, 
however,  rarely  found. 
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faint,  the  aqueous  solution  is  acidified  slightly  with  hydrochloric  acid 
and  the  turmeric-paper  applied  as  before.  If  borax  be  present  to  an 
appreciable  extent,  the  red  color  will  now  be  quite  marked,  even  though 
not  appearing  before.  In  other  words,  testing  with  turmeric-paper  with- 
out acidifying  v^ith  hydrochloric  acid  shows,  according  to  Richmond, 
a  slight  coloration  due  to  the  free  acid  alone,  while  the  more  intense  color 
formed  by  first  acidifying  is  due  to  the  combined  acid  or  borax. 

Detenu ijmtian  0}  Boric  Acid. — Ten  grams  of  the  butter  fat  are 
weighed  in  a  beaker  and  transferred  with  hot  water  to  a  separator\^  funnel 
in  which  the  fat  is  extracted  with  10  to  15  portions  of  hot  water  as 
described  on  page  433.  The  combined  aqueous  extract  is  evaporated 
to  dr)'ness  in  a  platinum  dish,  the  residue  made  alkaline,  and  ignite^l  at 
a  dull  red  heat.  Boil  the  ash  with  water,  filter,  and  wash  with  hot  water, 
kee])ing  the  volume  of  the  filtrate  under  60  cc.  Make  sure  that  the  solu- 
tion is  ])erfectly  neutral  to  methyl  orange  by  treatment,  if  necessary, 
with  sulphuric  acid  and  tenth-normal  alkali,  add  30  cc.  of  glycerin,  a 
few  drops  of  the  phenolphthalein  indicator,  make  u[)  to  100  cc,  and 
titrate  with  tenth- normal  sodium  hydroxide  according  to  Thompson's 
method  (p.  669). 

Butter  being  practically  free  from  phosphates,  the  preliminary  treat- 
ment for  removing  phosphoric  acid  in  Thompson's  method  may  be 
omitted. 

Formaldehyde. — ^The  aqueous  solution  from  which  the  fat  of  the 
butter  meUed  at  low  temperature  has  been  poured  off,  is  added  to  some 
milk  previously  found  free  from  formaldehyde,  and  the  test  for  the  latter 
with  hvdrochloric  acid  and  ferric  chloride  is  tried  directlv  in  the  milk. 

Salicylic  Acid.— Dctrcl ion. — See  method  No.   2  for  detection  in  milk, 

Di'tcnniniition  oj  Salicylic  Acid. — Method  oj  the  Paris  Municipal 
Laboratory.— K^\)i:'dW(\\\  exhaust  20  grams  of  huttcT  in  a  scnaratorv' 
funnel  with  a  solution  of  sodium  bicarbonate,  thus  ()l)tainin<x  soluble 
sodium  salicylate,  if  salicylic  acid  be  present.  Acidukite  the  afjueous 
extract  with  dilute  sulj)huric  acid,  and  extract  with  ether.  Evaporate 
the  ether,  and  to  the  residue  add  a  little  mercuric  nitrate,  forming  a  j)re- 
cipitate  nearly  insoluble  in  water.  Fiher  this  off,  wash  the  i)reci])itate 
with  water,  and  dec()m])ose  into  free  salicylic  acid  with  dilute  sulphuric 
acid.  Redissolve  in  ether,  evaporate  the  solvent  as  before,  and  i\r\  the 
residue  at  a  temperature  of  80®  to  100°.  Extract  the  residue  with  petroleum 
ether,  dilute  the  ethereal  liquid  with  an  equal  volume  of  g^%  alcohol, 
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and  titrate  with  tenth-normal'  alkali,  using  phenolphthalein  as  an  indi- 
cator. 

I  cc.  of  tenth-normal  alkali  =0.0138  gram  salicylic  acid. 

Sulphurous  Acid. — The  aqueous  liquid,  separated  from  the  butter  fat, 
is  distilled,  and  the  distillate  treated  with  bromine  water  and  barium 
chloride.  A  precipitate  on  the  addition  of  the  latter  reagent  indicates  the 
presence  of  sulphurous  acid  or  a  sulphite  in  the  butter. 

Renovated  or  Process  Butter. — This  product  is  also  variously  termed 
"boiled,"  "aerated,"  and  "sterilized"  butter.  There  are  various  modi- 
fications of  the  process  of  manufacture,  but  the  object  is  to  melt  up  and 
treat  rancid  butter  in  such  a  manner  that  for  a  time  at  least  it  is  sweet. 
The  followii^  manner  of  treatment  is  typical,  and  shows  in  the  main  the 
necessary  steps  in  carrying  out  the  process,  though  details  of  manipu- 
lation vary  in  different  localities. 

The  butter  is  mcUed  in  lai^e  tanks  surrounded  with  hot  water  jackets 
at  a  temperature  varying  from  40"  to  45°  C.  By  thb  means  the  curd 
and  brine  settle  to  the  bottom,  whence  they  are  drawn  oflf,  while  the  lighter 
particles  rise  to  the  top  in  the  form  of  a  froth  or  scum  and  are  removed 
by  skimming. 

The  clear  butter  fat  is  then,  as  a  rule,  removed  to  other  jacketed 
tanks,  and,  while  still  in  a  molten  condition,  air  is  blown  through  it,  which 
removes  the  disagreeable  odors.  The  melted  fat  is  then  churned  with 
an  admixture  of  milk  (more  often  skimmed)  till  a  periect  emulsion  b 
formed,  after  which  it  is  rapidly  chilled  by  running  into  ice  cold  water, 
with  the  result  that  it  becomes  granular  in  form.  It  is  then  drained 
and  "ripened"  for  some  hours,  after  which  it  is  worked  free  from  excess 
of  milk  and  water,  salted,  and  packed. 
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composed  entirely  of  fat  other  than  that  derived  from  milk  or  cream, 
they  are  comparatively  rare.  As  a  rule  the  oleomargarine  of  commerce 
is  composed  of  refined  oleo  oil,  usually  churned  up  with  neutral  lard, 
milk,  and  a  small  amount  of  pure  butter,  the  whole  being  salted  and 
sometimes  colored  to  resemble  butter. 

Oleo  oil  is  prepared  from  the  fat  of  beef  cattle  somewhat  as  follows :  ♦ 
Immediately  after  the  animals  are  killed  the  fresh  intestinal  and  caul 
fat  are  removed  and  placed  in  tanks  of  water  at  a  temperature  of  about 
80°  F.  From  this  water  they  are  transferred  to  other  tanks  of  cold  water 
and  chilled  until  all  animal  heat  is  removed.  The  fat  is  then  cut  or 
hashed  into  small  pieces  and  melted  at  about  150°  F.  in  jacketed  steam 
kettles,  until  the  clear  oil  is  entirely  separated  from  the  connective 
tissue. 

This  oil  is  then  drawn  off  into  vats,  which,  on  account  of  the  appear- 
ance of  the  oil  on  cooling,  are  called  graining  or  seeding  vats,  where  it 
is  allowed  to  stand  for  twenty-four  hours  or  more  at  a  temperature  of 
about  85°  F.  From  these  vats  the  semi-solid  emulsion  of  oil  and  stearin 
is  dipped  into  cloths,  which  are  folded  and  placed  in  a  press  between  sheets 
of  metal  and  subjected  to  powerful  pressure.  By  this  means  the  oil 
is  separated  from  the  stearin,  and  is  drawn  into  casks  for  export  or  for 
manufacture  into  oleomargarine.  Large  quantities  are  annually  exported 
to  Holland,  where  oleomargarine  is  manufactured,  and  either  sold  for 
consumption  in  that  country,  or  re-exported  to  other  countries  in  Europe, 

The  oleo  oil  thus  expressed  is  a  mixture  of  olein  and  palmitin.  When 
first  prepared,  it  is  a  clear  amber-colored  fluid,  free  from  odor  or  fatty 
taste.  It  is  packed  in  tierces,  and,  when  opened  at  ordinary'  temperature, 
is  a  light-yellow  solid. 

The  further  process  of  manufacture  of  oleomargarine  consists  in 
I  he  main  of  mixing  the  oleo  oil  as  above  obtained  with  varying  propor- 
tions of  neutral  lard,  milk,  and  genuine  butter,  with  or  without  added 
coloring  matter,  and  churning  the  mixture  at  a  temperature  above  the 
melting-point  of  the  fats,  the  neutral  lard  having  previously  been  cured 
for  al  least  forty-eight  hours  in  salt  brine.  Occasionally  small  quantities 
of  other  vegetable  oils,  as  cottonseed,  peanut,  or  sesame,  are  included  in 
the  above  mixture.  After  the  churning,  the  whole  mass  is  cooled  by 
contact  with  ice  water.  The  chilled  mass  is  drained,  and  afterwards 
salted,  worked,  and  given  much  the  same  treatment  as  butter. 

'^  Report  on  Oleomargarine,  Its  Manufacture  and  Sale,  19th  An.  Report,  Mass.  St.  Bd. 
of  Health,  1887. 
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The  composition  of  commercial  oleomargarine  varies  between  the 
following  Umits: 

Oleo  oil 20  to  25% 

Neutral  lard 40  "  45% 

Butter 10  "  25% 

Milk,  cream,  salt,  etc 5  "  30% 

The  artificial  coloring  matters  employed  for  oleomargarine  are  the 
same  as  in  the  case  of  butter,  and  are  similarly  tested  for. 

In  many  states  oleomai^arine  cannot  be  legally  sold  when  colored 
to  resemble  butter.  Under  other  state  laws  coloring  matter  is  allowable. 
The  federal  law  and  most  state  laws  prescribe  the  most  rigid  rules  for 
marking  packages  containing  oleomargarine,  with  a  view  to  affording 
the  utmost  protection  to  ihe  producer  of  butter  against  the  fraudulent 
substitution  therefor, 

Healthfulness  of  Oleomargarine. — Under  the  directions  of  the  Massa- 
chusetts Board  of  Health,*  a  large  number  of  artificial  digestion  experi- 
ments were  made  to  show  the  relative  nutritive  value  of  butter  and  oleo- 
margarine, and  at  the  same  time  the  wholesomencss  of  oleomargarine 
as  a  food  was  carefully  investigated.  The  general  conclusions  reached 
were  that,  when  comparing  the  best  grades  of  both  products,  there  is 
little  if  any  difference  between  butter  and  oleomaigarine  on  grounds  of 
digestibility,  while  a  good  oleomargarine  is  much  to  be  preferred  I0  a 
poor  butter  from  a  nutritive  standpoint.  As  to  its  wholesomencss,  a 
large  number  of  experts  consulted  were  unanimous  in  expressing  their 
favorable  opinions  of  olcomai^arine  as  a  hcahhful  article  of  food. 

When  sold  on  its  own  basis  in  accordance  with  the  law,  it  forms  an 
excellent  cheap  substitute  for  butter.     It  is  only  when  fraudulently  sold 
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of  limited  value,  except  in  so  far  as  it  indicates  that  the  fat  has  first  been 
melted  and  afterwards  solidified. 

From  the  fact  that  oleo  oil  and  neutral  lard  form  by  far  the  larger 
portion  of  the  mixture  known  as  oleomargarine,  the  glycerides  that  make 
up  the  fat  of  the  latter  are  chiefly  those  of  the  insoluble  fatty  acids,  stearic, 
oleic,  and  palmitic.  The  percentage  of  volatile  fatty  acids  present  in 
oleomargarine  is  ver)'  small,  and  the  presence  of  these  volatile  acids  is 
due  entirely  to  the  admixture  of  butter  which  it  contains.  This  furnishes 
the  most  ready  means  of  distinguishing  chemically  between  the  two 
products,  and,  as  indicated  by  the  Reichert  number,  is  the  chief  reliance 
of  the  analyst  for  court  evidence. 

Incidentally,  as  will  be  seen  by  the  accompanying  table,  the  refrac- 
tomcter  reading,  the  iodine  number,  the  saponification  equivalent,  and 
the  specific  gravity  are  all  useful  constants  in  indicating  poinls  of  differ- 
ence between  the  two  fats,  it  being  understood  that  in  oleomargarine, 
as  in  butter,  the  fat  for  examination  is  melted  and  separated  by  filtra- 
tion or  otherwise  from  the  curd,  salt,  and  other  constituents. 
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♦  XumhtT  of  ciibic  {H-nti'notors  N  'ro  alkali  ncutralizinp  volatile  acids  in  ^.5  ^rrams  fat. 

t  From  analyses  madt-  in  Mass,  State  Board  (j1  Health  laboralory. 

X  From  analvs's  mid  •  in  laboratory  of  U.  S.  Dopt.  uf  A«rio.,  Bur,  of  Chem. 

§  From  analyse.1  by  A.  II.  Allen. 

The  constants  for  varying  mixtures  of  butter  with  foreign  fat  as  found 
in'  \'illicrs  and  (\)llin  'j  arc  tabulated  on  i)age  442. 

Odor  and  Taste.  —  Ii  is  easy  with  a  little  practice  to  become  s:) 
accustomed  to  the  odor  and  taste  of  oleomargarine,  as  to  Ix'  able  to  pass 
judgment  with  considerable  confidence  by  these  senses  alone,  whe'dier 
a  sample  in  quesiion  is  oleomargarine  or  butter.  The  distinction  is 
rendered  more  apparent  by  melting  a  iX)rtion  of  the  sample  on  the  water- 
bath.  If  the  product  is  butter,  either  fresh  or  renovated,  the  butyric 
odor  of  the  melted  fat  is  very  characteristic,  while  the  melted  oleomargarine 


II  Les  Substances  Alimcntalres,  p.  731. 
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not  only  is  lacking  in  the  butyric  odor  (a  negative  property),  but  possesses 
a  distinctive  "meaty"  smell  peculiar  to  itself,  which,  while  not  unpleasant, 
is  unmistakable.  The  flavor  of  oleomargarine  to  one  experienced  in  dis- 
tinguishing between  the  two  products  is  very  apparent.  This  flavor, 
slight  though  it  is,  might  be  compared  to  that  of  cooked  meat. 
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Distinguishing  between  Butter,  Process  Butter,  and  Oleomargarine. — 
With  the  increased  occurrence  in  the  market  of  the  commercial  product 
known  as  "process"  butter,  especially  in  localities  where  its  sale  is 
restricted  or  reflated  by  law,  it  becomes  incumbent  on  the  analyst  to 
distinguish  it  from  the  other  products  which  it  resembles. 
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which  are  applied  to  the  separated  fat,  freed  from  other  substances,  will 
serve  to  distinguish  between  oleomargarine  and  butter,  whether  "pro- 
cess" butter  or  otherwise,  since  the  "processing"  or  "renovating"  of 
butter  does  not  change  the  character  of  its  fat  sufficiently  to  materially 
alter  these  constants. 

It  is  best,  therefore,  for  purposes  of  routine  preliminary  separation 
to  submit  all  samples  to  the  "foam"  test  and  to  examine  them  by  the 
butyro-rcfractometer.*  These  tests  alone,  which  arc  xcry  quickly  and 
readily  applied,  will  rarely  fail  to  separate  into  the  three  classes,  butter,  pro- 
cess butter;  and  oleomargarine,  the  products  under  examination,  after  which 
such  confirmatory  tests  as  are  desired  are  made  on  adulterated  samples. 

The  Butyro-refractometer. — This  instrument,  as  its  name  implies 
was  primarily  intended  by  Zeiss  for  the  examination  of  butter,  and,  while 
its  use  has  been  extended  for  work  with  other  fats  and  oils,  its  construc- 
tion is  such  as  to  show  particularly  a  distinction  between  butter  and 
oleomargarine  by  the  appearance  of  the  critical  line  of  the  fat.  This 
mode  of  differentiation  is  due  to  the  peculiar  construction  of  the  double 
prism,  which  shows  diflFerences  of  dispersive  power  by  different  appear- 
ances of  the  critical  line.  The  prisms  are  so  constructed  that  the 
critical  line  of  pure  butter  is  colorless,  while  margarine  and  artificial 
butter,  which  have  greater  dispersive  powers  than  natural  butter,  show 
a  blue-colored  critical  line.  But  anomalies  in  the  color,  both  with  pure 
butter  and  mixtures,  are  more  or  less  observable,  which  render  it  im- 
possible to  draw  a  sharp  line  between  adulterated  and  genuine  butter. 
The  aj)pcarancc  of  a  blue  fringe  may,  however,  be  a  useful  factor  in 
cases  of  suspected  aduheration. 

The  following  particulars  respecting  the  application  of  the  refractom- 
eter  for  analysis  of  butter  arc  contained  in  a  paper  of  Dr.  R.  WoUny  of 
Kiel,t  who  assisted  in  the  construction  of  the  instrument.  The  readings 
of  the  refractive  indices  of  a  large  number  of  butter  samples  taken  at 
25°  C.  by  Dr.  Wollny  have  been  directly  reduced  to  scale  divisions  and 
yield  ihc  following  equivalents: 

*  C)ut  of  llic  largr  numl>cr  of  samples  of  butter  and  olet)margarine  examined  on  the 
butyn)-R'frai tt)imi(r  in  llu-  author's  laboratory'  during  eight  years,  he  has  never  found  a 
single  instant  r  whcR-  the  instrument  failed  to  show  the  dilTercnce  Ix^tween  the  two  products. 

t  Dr.  R.  WoUny,  S(  hlussln'richt  iiber  die  Butteruntersuchungsfrage,  Milchwirthschaft- 
licher  Verein,  KorresiK)ndenzblatt,  No.  39,  1891,  p.  15. 

Older  papers  on  butter  tests  by  refraction  of  light  will  be  found  in:  Mueller,  Rep.  d.  analyt. 
Chemie.  1886,  pp.  346,  366.  Skalweit»  Milchzeituog,  1886,  15,  p.  462.  Wollny,  Ueber  die 
Kunstbutterfrage,  Leipzig,  1887,  p.  50. 
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Natural  butter. ..(i, 4590-1. 462o):49. 5-54.0  scale  divisions 
01eomargarine,,.(i.465o— i.47oo):58.6-'66.4     "  " 

Mixtures  (artificial 
butter) (1,4620— 1, 4690):  54.0-64. 8     "         " 

Limit  0}  Scale  Reading  for  Pure  Butter. — Whenever  in  the  refracto- 
metric  examination  of  butter  at  a  temperature  of  25°  C.  higher  values 
than  54.0  are  found  for  the  critical  line,  these  samples  will,  according 
to  WoUny,  by  chemical  analysis  always  be  found  to  be  adulterated;  but 
with  all  samples  in  which  the  value  for  the  position  of  the  critical  line 
does  not  reach  54.0  chemical  analysis  may  be  dispensed  with,  and  the 
samples  may  be  pronounced  to  be  pure  butter,  WoIIny  suggests,  as  a 
means  of  removing  all  chances  of  adulterated  butter  escaping  detection, 
that  the  above  limit  be  placed  still  bwer,  and  that  all  samples  exhibiting 
values  exceeding  52.5  (at  a  temperature  of  25°  C.)  be  set  aside  for  chemi- 
cal analysis. 

In  calculating  the  position  of  the  critical  line  for  other  temperatures 
than  25°  C.  allow  per  1°  C.  variation  of  temperature  a  mean  value  of 
0.55  scale  division.*  The  following  table,  which  has  been  compiled 
in  this  manner,  shows  the  values  corresponding  to  various  temperatures, 
each  value  being  the  upper  limit  of  scale  divisions  admissible  in  pure 
butter; 
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line  may  be  determined  at  the  moment  when  the  butter  begins  to  set. 
In  this  case  he  gives  fifty-four  as  the  highest  admissible  number  for  the 
critical  line  of  pure  butter. 

No  sharp  distinction  is  apparent  between  pure  and  renovated  butter 
on  the  rcfractomelcr. 

Special  Thermometer  for  the  Butyro-refractometer. — Instead  of  em- 
])loying  the  ordinar\'  thermometer,,  as  shown  in  Fig.  91,  a  special  ther- 
mometer (Fig.  98)  has  been  devised  for  work  both  with 
butter  and  with  lard.  This  instrument  has  two  scales, 
arranged  side  by  side,  one  for  butter  and  one  for  lard, 
eac  h  of  which  indicates  at  once  the  highest  allowable  reading 
for  the  pure  fat,  corresponding  to  the  temperature  at  which 
the  observation  is  made,  which,  however,  need  not  ])e  noted. 

If  the  scale  reading  of  the  instrument,  as  observed 
through  the  telesco])e,  differs  materially  from  the  reading 
of  the  sjx'cial  thermometer,  the  fat  under  examination  is 
undoubtedly  adulterated,  or,  in  the  case  of  butter,  a  higher 
reading  indicates  oleomargarine.  The  special  thermometer 
thus  indicates  the  highest  permissible  number  for  pure  butter. 

The  Reichert  or  Reichert-Meissl  Number  *  is  by  far  the 
most  important  single  determination  in  establishing  proof 
of  the  character  of  the  sample,  whether  butter  or  oleo- 
margarine, for  evidence  in  court,  and  in  such  cases  this 
determination  is  indispensable.  The  result  is  conclusive, 
excepting  in  those  rare  instances  where  the  admixture  of 
foreign  fat  is  so  small  as  to  cause  the  Reichert  number  to  jr^.  98.— ST)ccial 
a])j)roximate  that  of  ])ure  butter.  In  common  instances  of  Buiyro-rt-frac- 
creamerv'  butter  and  commercial  oleomargarine  the  Reichert      ^^"^*'  ^^      ^'^" 

/^     ^  m«)mctcr      for 

number  shows  a  ver\'  marked  distinction  (see  table,  Butter  and 
p.  441).  l-a^^^- 

It  is  difficult  to  I'lx  a  minimum  figure  below  which,  in  doubtful  cases, 
a  sample  may  be  ])r()nounced  imjmrc  by  reason  of  admixture  with  foreign 
fat.  In  general,  however,  a  Reichert  number  under  10  would  be  almost 
sure  to  show  adulteration,  though  instances  are  on  record  where  butter 
of  known  purity  has  shown  a  Reichert  number  even  lower  than  this. 
It  is  in  fact  rare  that  j)ure  butter  has  a  Reichert  number  under  12. 


*  The  writer  prefers  to  carT>'  out  this  process  on  2.5  grams  of  the  butter  fat,  expressing 
thus  the  Reichert  number,  this  being  practically  half  the  Reichert-Mcissl  number,  which  is 
based  on  the  use  of  5  grams. 
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Stebbins  ♦  gives  the  maximum,  minimum,  and  average  of  the  Reicheo 
number  obtained  by  him  on  317  samples  of  unadulterated  butter,  some 
of  which  were  of  low  grade,  as  follows:  Maximum,  18.2;  Minimum, 
11.2;  Average,  14.7. 

As  a  rule  little  difference  Is  apparent  between  pure  and  "renovated" 
samples  as  regards  their  Reichert  number, 

Vieth  has  shown  that  the  Reichert  number  of  butter  is  generally  a 
trifle  lower  after  it  becomes  rancid. 

Specific  Gravity. — Skalweit  has  shown  that  the  specific  gravity  of 
butter  and  oleomai^arine  relative  to  each  other  varies  with  the  temper- 
ature at  which  it  b  taken,  the  difference  between  the  two  growing  less 
and  less  as  the  temperature  increases  above  35°.  The  greatest  variation 
being  at  35°,  he  recommends  this  temperature  as  the  best  at  which  to 
make  the  determination. 

The  Foam  Test,  also  known  as  the  "boiling"  or  "spoon"  test.t 
This,  though  originally  intended  as  a  household  test,  is  in  reality  one  of 
the  very  best  laboratory  methods  of  separating  pure  butter  samples  from 
renovated  butter  and  oleomargarine.  A  small  lump  of  the  sample  (from 
3  to  5  grams)  is  heated  in  a  large  spoon  over  a  Bunsen  llamc,  turned 
very  low,  stirring  constantly  during  the  heating.  Genuine  butler,  under 
these  conditions,  will  boil  quietly,  but  with  the  production  of  consider- 
able froth  or  foam,  which  will  often  swell  up  over  the  sides  of  the  spoon, 
when,  just  after  boiling,  the  latter  is  raised  from  the  flame.  Renovated 
butter  or  oleomai^arine,  under  this  treatment,  will  bump  and  sputter 
noisily  like  hot  grease  containing  water,  but  will  not  foam.J  Another 
point  of  difference  is  that  on  removing  the  spoon  from  the  flame  and 
observing  the  character  of  the  curdy  particles,  in  the  case  of  genuine 
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condition  and  cooled  therein,  whereas  oleomargarine,  being  foreign  to 
milk  fat,  will,  under  like  conditions,  refuse  to  diffuse  itself  naturally 
in  milk  as  a  medium. 

About  50  cc.  of  well-mixed  sweet  milk  are  heated  nearly  to  boiling 
in  a  beaker,  and  from  5  to  10  grams  of  the  fat  sample  are  added.  The 
mixture  is  then  stirred,  preferably  with  a  small  wooden  stick,  until  the 
fat  is  melted.  The  beaker  is  then  placed  in  a  dish  of  ice  cold  water,  and 
the  stirring  continued  till  the  fat  reaches  the  solidifying-point,  at  which 
period,  if  the  sample  is  oleomargarine,  the  fat  can  readily  be  collected 
by  the  stirrer  into  one  lump  or  clot,  but,  if  butter,  it  cannot  be  so  collected, 
but  remains  in  a  granulated  condition,  distributed  through  the  milk 
in  small  particles.  It  is  not  necessary  to  keep  up  the  stirring  through 
the  entire  term  of  cooling,  but  to  begin  stirring  before  the  fat  starts  to 
solidify,  which  should  require  from  ten  to  fifteen  minutes  after  the  mixture 
is  placed  in  cold  water. 

This  test,  if  carefully  carried  out,  shows  a  marked  distinction  between 
butter,  whether  pure  or  renovated,  and  oleomargarine.  Under  certain 
conditions,  as  when  the  cooling  is  too  rapid,  samples  of  renovated  butter 
fat  will  sometimes  show  a  slight  tendency  to  clot  together  as  in  the  case 
of  oleomargarine,  but  to  no  such  extent  as  the  latter. 

The  author's  experience  with  this  test  has  shown  it  to  be  very  reliable 
not  only  in  identifying  oleomargarine  from  butter,  but  in  nearly  every 
case  renovated  butter  can  be  distinguished  from  genuine.  As  a  rule, 
genuine  butter  fat,  even  after  cooling  to  the  solidifying-point,  shows  the 
greatest  tendency  to  emulsionize  with  the  milk  when  stirred,  without 
adhering  to  the  wooden  rod,  and  is  slow  to  come  to  the  surface  when 
the  stirring  is  stop])cd.  Renovated  butter  fat,  when  stirred  in  the  cold 
milk,  almost  instantly  gathers  in  a  film  on  the  surface  of  the  milk  when 
the  stirring  is  stopped,  without  emulsionizing.  It  does  not  clot  together 
like  oleomargarine,  but  it  tends  to  adhere  to  the  wooden  rod. 

Patrick  *  recommends  the  use  of  skimmed  or  partially  skimmed 
milk,  and  heats  to  the  boiling-point  after  the  fat  has  been  introduced 
into  the  hot  milk. 

Examination  of  the  Curd. — ^The  curd  of  genuine  butter  is  made  uj) 
largely  of  such  of  the  milk  proteids  as  are  insoluble  in  water  and  hence 
pass  into  the  cream  when  separated.  These  proteids  form  a  gelatinous 
mass  in  the  butter,  readily  clotting  together  when  the  fat  is  melted.  On 
♦he  other  hand,  the  curd  of  process  butter,  which  is,  as  it  were,  artificially 

♦  Farmer's  Bulletin,  No.  131. 


448  FOOD  INSPECTION  ^ND  yINALYSIS. 

derived  from  the  entire  or  skim  milk  used  in  its  manufacture  (in  order 
to  replace  the  natural  curd  which  has  been  removed  in  the  "purifying" 
process),  differs  from  the  proteids  of  cream  in  that  it  b  granular  and 
flaky,  consisting  chiefly  of  coagulated  casein.  Hence  the  distinclioQ 
noted  as  to  the  appearance  of  the  curd  in  the  foam  test. 

For  the  same  reason,  if  beakers  containing  pure  and  renovated  butter 
arc  melted  on  the  water-bath,  the  curd  of  the  pure  sample  will  settle  at 
once,  or  in  a  very  few  minutes,  to  the  bottom  after  melting,  leaving  a 
comparatively  clear  supernatant  fat.  The  renovated  sample  will  nearly 
always  fail  to  settle  out  clear,  even  after  standing  on  the  water-bath  for 
half  an  hour  or  more,  but  will  still  be  cloudy  throughout  the  mass,  due 
to  particles  of  non-cohesive,  floating  curd. 

In  the  case  of  oleomargarine,  the  curd  of  which  is  composed  partly 
of  pure  butter  curd  (from  cream  proteids)  and  partly  of  the  proteids 
of  the  milk  with  which  it  is  churned,  the  cloudiness  of  the  fat  on  melting 
depends  on  the  relative  proportion  of  milk  proteids,  and  in  general  is  not 
especially  characteristic. 

Identification  of  the  Source  of  the  Curd.* — Half  fill  a  small  beaker 
with  the  sample  and  melt  on  the  water-bath.  Decant  as  much  as  [wssible 
of  the  fat  and  pour  the  rest,  consisting  largely  of  the  water,  salt,  and 
curd,  upon  a  wet  filter.  Acidify  the  filtrate,  which  contains  the  salt 
and  soluble  proteids,  with  acetic  acid  and  boil.  If  the  sample  is  pure 
butter,  only  a  slight  milkiness  is  found,  indicating  absence  of  albumins, 
whereas,  in  the  case  of  process  butter,  a  white,  flocculent  albuminous 
precipitate  is  produced. 

Apply  to  the  filtrate  also  Liebermann's  test  for  albumin;  i.e.,  add 
strong  hydrochloric  acid.  If  a  violet  coloration  is  produced,  the  sample 
'sumablv  ''process"  bullei 
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that  of  the  renovated,  wherein  often  large  and  opaque  patches  of  curd 
are  frequently  distributed  throughout  the  field. 

When  a  renovated  butter  sample,  mounted  as  above,  is  viewed  hy 
reflected  light,  for  which  purpose  the  microscope  mirror  is  turned  so  as 
not  to  transmit  light  through  the  instrument,  one  sees  a  very  dark  and 
scarcely  perceptible  field;  but  the  opaque  patches  of  curd  above  referred 
to  are  strikingly  apparent  as  white  masses  against  a  dark  background. 

With  Polarized  Light. — It  has  already  been  stated  that  the  micro- 
scope is  useful  in  showing  whether  or  not  a  fat  has  been  melted,  the 
cr}'stalline  structure  of  the  fat  once  melted  and  afterward  cooled  being 
rendered  apparent,  especially  when  viewed  by  polarized  light.  This 
fact  has  long  been  known  and  put  to  practical  use  in  the  identification 
microscopically  of  butter  and  oleomargarine.* 

When  viewed  by  polarized  light  between  crossed  Nicols  under  a 
low  magnification,  pure  butter  not  previously  melted  should  show  no 
crystalline  structure,  being  imiformly  bright  throughout,  and,  if  the 
selenite  plate  be  used,  should  present  an  evenly  colored  field,  entirely 
devoid  of  fat  crystals.  On  the  other  hand,  with  process  butter  or  oleo- 
margarine, both  of  which  have  been  melted  and  subsequently  cooled, 
the  crystalline  structure  should  be  marked,  showing  with  polarized  light 
a  more  or  less  mottled  appearance,  and  a  play  of  colors  with  the  selenite. 

Various  conditions  enter  in  to  aflfect  the  reliability  of  the  polarized  light 
test.  It  is  nearly  always  possible  in  cold  weather  to  observe  these  dis- 
tinctions in  practice,  as  above  described,  in  a  sharp  and  striking  manner. 
Figs.  269,  270,  and  271,  PI.  XXXVIII,  show  typical  fields  of  the  three 
products  with  crossed  Nicols  and  selenite  plate.  The  appearance  of  pure 
butter  is  perfectly  blank,  while  oleomargarine  presents  a  much  more 
mottled  ai)pearance  than  renovated  butter.  Such  well-defined  points 
of  variation  as  are  shown  in  Plate  XXXVIII  arc  not  always  to  be  seen 
in  practice,  even  in  the  hands  of  an  expert.  Pure  butter  sometimes 
exhi])its  a  somewhat  mottled  field,  due  to  a  slight  crystallization  at  some 
period  in  its  history.  In  the  summer-time,  for  instance,  when  butter 
melts  so  easily  at  ordinary  temperature,  these  distinctions  between  pure 
and  adulterated  samples  as  shown  by  polarized  light  arc  by  no  means 
as  satisfactory  as  in  the  winter. 

Great  care  should  be  taken  on  this  account,  on  the  part  of  the  col- 
lector of  samples  as  well  as  the  analyst,  to  keep  the  sample  from  melting 
under  ordinar}'  conditions  before  it  is  examined. 

*  Hummel,  Jour.  Am.  Chem.  Soc,  aa,  p.  327;  Crampton,  loc.  cit,  supra,  p.  703. 
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Hess  and  Doolittle's  Method  of  Eiamining  the  Curd.* — A  convenient 
ponion  of  the  sample  of  suspected  butter  is  melted  in  a  beaker,  as  much 
of  the  fat  as  possible  is  decanted  off,  and  the  remainii^  curd,  washed 
free  from  fat  with  eiher,  is  poured  out  on  a  glass  plate  and  dried.  A 
sample  of  pure  butter  is  treated  in  like  manner  by  way  of  comparison- 
When  examined  under  a  very  low  magnification  of  from  3  to  6  diametets, 
the  curd  from  the  pure  sample  will  be  seen  to  be  non-granular 
and  amorphous  in  appearance,  while,  in  the  case  of  renovated  butter, 
the  curd  will  appear  very  coarse  grained  and  mottled. 

Zega's  Test  for  OIeomargarme.t — A  portion  of  the  filtered  fat  is 
poured  in:o  a  test-tube  and  kept  for  two  minutes  in  a  boiling  water-bath. 
I  cc.  of  this  fat  is  then  measured  wiih  a  hot  pipette  into  a  50-cc.  tube  con- 
taining 20  cc.  of  a  mixture  of  6  parts  ether,  4  parts  alcohol,  and  i  part 
glacial  acetic  acid.  The  tube  is  stoppered,  shaken  well,  and  cooled  in 
water  at  15°  to  18°  C.  In  the  case  of  pure  butter  fat,  the  solution  remains 
clear  for  some  time,  a  slight  deposit  being  apparent  only  after  standing 
an  hour  or  more.  With  oleomargarine,  a  deposit  is  evident  in  a  very 
short  time,  and  in  ten  minutes  a  heavy  precipitate  comes  down.  With 
10%  of  oleomargarine  in  butter,  a  separation  occurs  in  about  fifteen 
minutes.  When  a  few  solid  particles  have  separated  out,  they  are  with- 
drawn and  examined  under  the  microscope.  With  genuine  butter,  long 
narrow  rods  appear,  sometimes  pointed  at  the  ends,  often  bent,  and  grouped 
as  a  rule  centrally  in  star-shaped  bundles.  Oleomai^arine  prescnis  an 
appearance  of  bundles  of  fine  needles,  closely  packed  lo  form  masses 
fre<iuently  resembling  sheaves  and  dumb  bells  in  shape. 

Identification  of  Various  Oils  and  Fats.  —  Cottonseed  oil  may  be 
rccagnized,  if  pR'sent  in  butter  or  its  substitutes,  by  the  Halphen  test. 
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vent  decomposition*  In  one  sample  made  for  export  to  Guadeloupe 
he  foimd  over  io%  of  glucose. 

For  its  detection  or  estimation  lo  grams  of  the  sample  are  weighed 
out  and  transferred  to  a  separatory  fimnel  with  hot  water,  and  shaken 
out  with  successive  portions  of  hot  water.  These  are  combined,  and 
the  aqueous  extract  made  up  to  250  cc.  The  reducing  sugar  may  be 
determined  by  Fehling's  solution  or  by  polarization,  using  in  ihc  latter 
case  alumina  cream  as  a  clarifier.  While  a  slight  reduction  should  be 
disregarded,  any  considerable  reduction  may  be  undoubtedly  ascribed 
to  glucose. 

Adulterants  of  Oleomargarine. — ^This  product  is  liable  to  adultera- 
tion not  only  by  the  use  of  inferior  and  unwholesome  fat,  but  by  the  admix- 
ture in  some  cases  of  paraffin.*  This  sophistication  is  made  manifest,, 
if  an  appreciable  amount  of  the  adulterant  has  been  used,  by  the  high 
melting-point  and  the  low  saponification  number,  as  well  as  by  the  low 
specific  gravity.  If  a  clear  saponification  is  impossible  under  ordinary 
conditions,  paraffin  is  to  be  suspected.  It  may  be  separated  and  quanti- 
tatively determined  as  described  on  p.  409. 

LARD. 

Nature  and  Composition. — ^Lard  is  the  fat  of  hogs,  separated  by  heat 
from  the  scraps  or  containing  tissues.  The  choicest  or  highest  grade  of 
lard  is  known  as  leaf  lard,  and  is  derived  from  the  fat  which  surrounds 
the  kidneys.  A  comparatively  small  part  of  the  lard  of  commerce  is, 
however,  slriclly  speaking,  pure  leaf  lard.  Most  of  it  is  derived  from 
the  whole  fat  of  the  animal  by  rendering,  by  the  aid  of  sleam  under 
pressure,  eillier  in  ()j)en  kettle  or  in  closed  tanks,  the  former  being  used 
more  often  for  rendering  lard  on  a  small  scale,  and  the  latter  being  the 
most  common  commercial  method. 

Next  to  the  leaf,  the  fat  from  the  hog's  back  is  considered  the  best 
in  ciuality,  after  which  is  graded,  in  the  order  named,  the  fat  from  the 
head,  the  region  of  the  heart,  and  the  small  intestines,  tiie  last  two  grades 
constituting  wliat  is  commonly  known  as  ^'trimmings." 

Good  lard  is  white  and  granular,  having  the  consistency  of  salve.  It 
has  an  agreeable,  characteristic  odor  and  taste. 

The  leaf  or  kidney  fat  furnishes  also  the  source  of  the  so-called  neutral 
lard,  already  mentioned  as  an  ingredient  of  oleomargarine.     The   leaf. 

*  Geissler,  Jour.  Am.  Chexn.  Soc.,  21,  p.  605. 
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being  first  chilled  and  finely  ground,  is  placed  in  the  kettle  and  ren- 
dered at  a  temperature  of  from  40°  to  50°  C,  at  which  heat  only  a  portion 
of  the  lard  separates.  This  portion  is,  while  melled,  washed  with  water 
containing  salt  or  dilute  acid,  and  forms  the  neutral  lard,  a  product 
almost  entirely  free  from  odor.  The  remainder  of  the  leaf  is  then  trans- 
ferred to  the  closed  tank  and  subjected  for  some  hours  to  steam  under 
pressure  at  a  temperature  of  230°  to  390°  F.,  the  resulting  lard  being 
graded  as  pure  leaf  lard. 

The  composition  of  the  mixed  fatty  acids  of  lard  is  thus  calculated 
by  Twitchell: 

Linoleic  acid 10.06% 

Oleic  acid 49.39% 

Solid  acids  (by  difference),  stearic  and  palmitic  . ,  48.55% 

l>wkowitsch  *  gives  the  following  constants  for  American  lards  made 
hoTO  fat  from  different  parts  of  the  animal: 
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gravity^  due  to  vazying  conditions  of  pressure  and  tempeiatuie.  It  haa 
a  pleasant,  thou^  some^idiat  bland  tastei  and  is  used  to  some  extent  as 
an  edible  oil.  It  is  used  in  France  as  an  adulterant  of  olive  oily^and 
with  the  Mauxnend,  elaldini  and  nitric  add  tests,  it  behaves  much  like 
olive  oil. 

According  to  the  U.  S.  Pharmacopoeiay  the  specific  gravity  of  lard  oil 
should  be  from  0.910  to  0.920  at  15®  C. 

At  a  temperature  a  little  below  10®  C.  it  should  form  a  semi-solid 
white  mass. 

When  it  is  brought  in  contact  with  concentrated  sulphuric  acid,  a 
dark  reddish-brown  color  should  instantly  be  produced. 

Lard  oil  should  not  respond  to  the  Bechi  test  for  cottonseed  oil. 

If  5  cc.  of  the  oil,  contained  in  a  small  flask,  be  mixed  with  a  solution 
of  2  grams  of  potassium  hydroxide  in  2  cc.  of  water,  then  5  cc.  of  alcohol 
added,  and  the  mixture  heated  for  about  five  minutes  on  a  water-bath 
with  occasional  agitation,  a  perfectly  dear  and  complete  solution  should 
be  formed,  which,  on  dilution  with  water  to  the  volume  of  50  cc,  should 
form  a  transparent,  light-yellow  liquid,  without  the  separation  of  ao 
oHy  layer  (absence  of  appreciable  quantities  of  paraffin  oils). 

Adulterants  of  lard  oil  are  cottonseed  and  com  oils. 

Compound  LanL— The  article  so  extensively  made  and  sold  under 
this  name  is  a  mixture  consisting  usually  of  lard  stearin,  beef  stearin^ 
and  cottonseed  oil.  Sometimes  no  lard  whatever  is  present,  but  only 
a  mixture  of  beef  and  cottonseed  stearins. 

Lard  stearin  is  the  residue  left  in  the  cloths  after  the  lard  oil  has  been 
removed  by  pressure  (p.  452). 

Beef  stearin  is,  similarly,  the  residue  from  which  oleo  oil  has  been 
expressed  (p.  439).  The  cottonseed  oil  used  is  highly  refined,  and  finally 
decolorized  by  mixing  with  fullers*  earth  and  filtering. 

U.  S.  Standards. — Standard  Lard  and  Standard  Leaf  Lard  are  lard  and 
leaf  lard  respectively,  free  from  rancidity,  containing  not  more  than  1% 
of  substances  other  than  fatty  acids,  not  fat,  necessarily  incorporated 
therewith  in  the  process  of  rendering,  and  standard  leaf  lard  has  an  iodine 
number  not  greater  than  60. 

Adulteration  of  Lard. — ^The  mixture  known  as  "compound  lard" 
is  quite  commonly  fraudulently  sold  for  pure  lard.  Indeed,  the  adul- 
terants of  lard  usually  met  with  are  cottonseed  oil  or  stearin  and  beef 
stearin.  Other  oils  said  to  have  been  used  as  adulterants  are  peanut, 
sesame,  com,  and  cocoanut.    Formerly  water  was  incorporated  into 
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the  fat  to  such  an  extent  as  to  materially  cheapen  it,  but  this  sophistica- 
tion is  now  rare.     Moisture  is  determined  as  in  the  case  of  butter. 

The  Butyro-refractometer  Reading. — The  refracting  degree  of  cotton- 
seed oil  on  the  bulyro-refractometer  is  about  8.9  in  excess  of  the  standard 
refraction  of  lard,  while  that  of  beef  tallow  is  about  3.8  less  than  the 
standard.  If,  therefore,  the  refractometer  reading  is  unusually  low,  the 
presence  of  beef  stearin  is  to  be  suspected;  if  unusually  high,  cottonseed 
oil  should  be  looked  for.  A  mixture  of  the  two  adulterants  with  pure 
lard  such  as  is  found  in  "compound  lard,"  may  sometimes,  though  not 
often,  be  found  to  give  refractometric  readings  within  the  limits  of  pure 
lard. 

Detection  of  Foreign  Oils. — Cottonseed  oil  Ls  best  delected  by  the 
Halphcn  test.  A  very  slight  color  reaction  should  not  be  taken  as  proof 
positive  of  the  admixture  of  cottonseed  oil,  since  it  has  been  found  that 
the  fat  of  hogs  fed  on  cottonseed  meal  gives  a  slight  reaction  wilh  both 
the  Bcchi  and  the  Halphen  tests.  Sesame  and  peanut  oils  are  detected 
by  their  special  tests.  Com  oil  is  indicated  by  the  abnormally  high 
refractometric  reading  and  iodine  number,  cocoanut  oil  by  the  high 
Reichert  number  and  the  high  saponification  equivalent. 

Beef  stearin  is  ditficult  to  identify  chemically,  but  is  usually  distin- 
guished by  a  microscopical  examination  of  the  fat  after  crystallization 
as  follows; 

The  Microscopical  Examination  of  Laid. — From  2  to  5  grams  of 
the  fat  arc  dissolved  in  10  to  20  cc.  of  ether*  in  a  test-tube,  and  the  solu- 
tion allowed  to  stand  12  hours  or  over  night  at  about  20"  C,  the  test- 
tube  being  loosely  stoppered  with  cotton.  The  crystals  obtained  vary 
considerably  with  the  condition  of  heat,  amount  of  solvent,  rate  of  crys- 
)  that  the  operator  had  best  vary  the^c  conditions  till 
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to  have  them  slightly  oleaginous,  so  that  when  applied  to  the  slide  no 
mountant  need  be  used.  In  this  case  the  crystals  seem  to  stand  out  in 
wider  contrast  to  the  background  than  when  cottonseed  oil,  the  usual 
medium,  is  used. 

If  the  crystals  are,  however,  in  a  pulverulent  condition,  a  drop  of 
alcohol  can  be  used  as  a  mountant,  or  oil,  as  preferred.     Mounted  under 
a  cover-glass  they  arc  examined  under  various  powers  of  the  microscope. 
Figs.   272    and  273,  PL  XXXIX,  show    the    typical    appearance   of 
pure  lard  stearin  from  a  leaf  lard  of  known  purity,  and  Figs.  276,  277, 
and  278  illustrate  beef  stearin.      These  figures  show  distinctive  cr}^stal- 
lization  of    each    form    under    the  best  conditions.      The  lard   stearin 
cr}'stals  when  thus  obtained  are  flat  rhomboidal  plates  cut  off  obliquely 
at  one  end,  and  are  grouped  irregularly,  as  if  thrown  carelessly  together. 
The   beef  stearin  cr}'stals,  on  the  other   hand,  are  cylindrical   rods  or 
needles,  often  curved,  with  sharp  ends,  and  are  arranged  as  shown  in  fan- 
shaped  clusters.     Conditions  of  crystallization  are  frequently  such  as  not  to 
show  the  sharp  distinctions  noted  above.      Both  forms  of  crystals  are  at 
times    apt    to   gather   in  clusters   that   at  first  sight  appear  somewhat 
similar,  and  are  often  misleading  as  to  their  true  character.     It  is  found 
almost  invariably  that  the  beef  stearin  crystals  gather  in  clusters,  radiat- 
ing from  a  common  center  or  point,  often  with  a  peculiar  twisted  appear- 
ance, breaking  up  into  little  fans.    Lard  crystals,  it  is  true,  do  not  always 
lie  flat  in  irregular  groups  as  shown  in  Fig.  272,  but,  as  in  Fig.  274,  form 
clusters  that,  unless  studied  carefully,  might  at  first  sight  be  considered 
as  identical  with  the  fan  shapes  of  the  beef  stearin  already  described. 
It  will  be  seen,  however,  that  if  the  best  possible  conditions  arc  attained, 
the  cr}'stals  of  lard,  instead  of  radiating  from  a  point,  arc  arranged  more 
like  feathers  or  alternate  leaves  on  a  branch,  each  cr}'stal  being  given  forth 
from  another  close  at  hand.     Moreover,  the  lard  crvstals  are  themselves 
straight  and  not  cur\'ed,  the  ai)parent   curve  in  the  appearance  of  the 
clusters   being,    on   careful   examination,    especially    under   high   power, 
seen  to  be  chiefly  due  to  several  of  these  straight  crystals  arranged  at 
angles  to  each  other. 

Even  when  the  highest  i)owers  of  the  microscope  are  applied  to  the 
beef  stearin  crystals,  they  will  always  appear  as  cylindrical,  shaq^- 
pointed  rods,  some  straight,  others  curved;  while  with  the  lard  crystals 
they  should  be  capable  of  showing  the  thin,  flat,  oblique-ended  structure 
when  examined  with  higher  powers,  even  when  they  are  arranged  in  the 
feathery  clusters,  the  apparently  pointed  ends  of  some  of  the  crystals 
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being  due  to  the  fact  that  the  plates  are  viewed  edgewise.  This  is  apparent 
in  Fig.  275,  in  which  the  crystals  are  magnified  to  480  diameters. 

According  to  Bel£eld,  who  was  one  of  the  earliest  to  employ  the  micro- 
scope for  identification  of  foreign  fat  in  lard,  it  is  possible  to  detect  well- 
defined  crystals  of  both  lard  and  beef  stearin  in  mixtures  crystallized 
out  in  the  above  manner  from  ether.  Later  investigators,  however,  find 
difficulty  in  getting  both  kinds  of  crystals  in  the  final  deposit,  it  being 
the  more  common  experience  that  the  character  of  the  final  CTystals  from 
a  mixture  of  the  two  fats  more  often  tends  to  one  or  the  other  forms  of 
crystallization.  Repeated  crystallizations  may  change  the  character  of 
the  crystals  and  a  number  of  such  crytallizations  should  therefore  be 
made  before  final  judgment  is  passed. 

The  Iodine  Number  (p.  380). — ^This  test  is  generally  prefigured  by 
the  refractometer.  Cottonseed  oil  will  absorb  about  108%  of  its  weight 
of  iodine,  while  beef  fat  will  absorb  about  37%. 
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refractometer  number,  while  the  presence  of  tallow  will  result  in  an 
abnormally  low  refraction.  But  both  adulterants  may  be  present  and 
a  normal  refraction  result.  In  such  a  case  the  positive  detection  of  one 
of  them,  such  as  the  cottonseed  oil  by  the  Bechi  or  Halphen  test,  will 
indirectly  show  the  presence  of  the  other  (tallow),  and  this  indirect  proof 
will  be  confirmed  by  crystallization. 

Samples  A,  B,  and  C  give  reactions  corresponding  to  normal,  pure 
lard.  D,  E,  and  F  show  somewhat  high  refractometer  and  iodine 
numbers,  but  give  no  direct  reaction  for  cottonseed  oil  by  the  Bechi  test. 
G,  although  showing  low  iodine  and  refractometer  numbers,  gives  no 
evidence  of  the  presence  of  tallow  by  cr}'stallization.  In  fact,  the  cr}'s- 
tals  from  this  sample  proved  under  all  circumstances  to  be  most  clearly 
typical  of  pure  lard,  broad  and  fiat  plates  with  oblicjuely  cut  ends. 

This  sample  was,  in  fact,  pure  leaf  lard.  It  is  generally  true  that  a 
stiff,  strictly  pure  leaf  lard,  which  both  by  its  consistency  and  by  its  low 
iodine  and  refractometer  numbers  might  suggest  the  presence  of  beef  fat, 
shows  on  cr}'stallization  much  more  definitely  characteristic  lard  stearin 
than  does  a  whole-hog  lard,  whose  iodine  and  refractometer  numbers 
are  more  nearly  the  normal  standard. 

In  distinction  from  such  leaf  lard,  a  sample  which  may  have  a  similar 
consistency  and  iodine  and  refractometer  numbers,  but  which  is  composed 
of  a  whole-hog  lard  of  a  comparatively  high  iodine  number,  together 
with  beef  fat,  gives  unmistakable  proof  of  its  adulteration  by  its  crystal- 
lization. 
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CHAPTER  Xm. 

I 

SUGAR  AND  SACCHARIXE  PRODUCTS. 

Nature  and  Classification  of  Sugars. — Of  all  classes  of  food  mate- 
rials the  sugars  from  their  great  solubility  are  the  most  readily  available, 
and  on  this  account  are  ver}^  valuable  as  nutrients.  As  in  the  natural 
processes  of  digestion  the  starches  and  more  difficultly  digestible  of  the 
carbohydrates  are  converted  into  sugar  and  thus  rendered  assimilable, 
so  by  processes  quite  analogous  to  those  that  take  place  in  the  alimentary 
tract,  the  chemist  converts  these  same  carbohydrates  into  sugar  as  an 
end-point  for  purposes  of  definite  determination. 

The  sugars  are  characterized  by  their  sweet  taste,  their  ready  solu- 
bility in  water,  their  power  to  rotate  the  plane  of  polarized  light,  and 
their  insolubility  in  ether  and  absolute  alcohol. 

The  sugars  occurring  commonly  in  food  naturally  divide  themselves 
into  two  groups:  First,  the  Saccharoses,  or  cane  sugar  group,  having 
the  composition  CjoHooOu,  of  which  the  most  prominent  members  are 
sucrose,  maltose,  and  lactose;  and,  second,  the  Glucoses,  or  grape  sugar 
group,  cx])rcssed  by  the  formula  CgHuOe,  which  includes  dextrose,  levulose. 
and  galactose,  ])esi(les  other  less  common  sugars. 

The  members  of  both  groups  are  intimately  related.  Thus  by  the 
ordinar)'  ])r()ccss  of  so-called  inversion  sucrose,  or  cane  sugar,  belonging  to 
grou])  T,  is  converted  by  the  action  of  heat  and  dilute  acid  into  two  sugars, 
dextrose  ancl  levulose,  wliich  are  members  of  group  2,  in  accordance 
with  the  following  reaction: 

C ,  ,H,„(^, . + H,0  =  C,H»0„+  C.,H„0.. 

C.'iiic  su«ar  Dextrose  Lfvuluse 

The  same  formula  expresses  also  the  result  that  takes  place  when 

lactose,  or  milk  sugar,  is  heated  with  dilute  acids,  breaking  up  into  dextrose 

and  galactose. 
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Occurrence. — Sugars  occur  in  roots,  grasses,  steins  of  plants,  trunks 
of  trees,  leaves,  and  fruits,  usually  in  the  form  of  cane  sugar,  or  sucrose, 
and  of  invert  sugar  (dextrose  and  levulose)  mixed  in  varj'ing  propor- 
tions. 

The  following  table  from  Buignet  *  shows  the  kind  and  amount  of 
sugars  occurring  in  some  of  the  common  fruits: 


Apricots 

Pineapples  , '. . . 

English  cherries. . . 

Lemons 

Figs 

Strawberries 

Raspberries 

Gooseberries 

Oranf(FS 

Peaches  (green) 

Pears  (Madeleine). 
Apples 

Grapes  (hothouse) 


-36 
S.38 
3.19 
S-»4 


CANE    SOGAB,  OR  SUCROSE. 

Ifature  and  Occurrence. — ^Thls,  the  most  common  of  all  the  sugan;, 
is  nearly  always  understood  by  the  unqualified  term  of  sugar.  It  cn-s- 
tallizcs  in  monoclinic  prisms.  Its  specific  gravity  is  1.595.  Its  melting- 
point  is  about  160°  C.  Its  specific  rotan'  power  [a]„  in  ?ohi(ions  having 
a  concentration  of  from  10  to  20  grams  in  100  cc.  is,  according  to  Tollen:-., 
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The  Sugar  Cane  {Saccharum  officinarum)  is  cultivated  principally  in 
Louisiana  and  other  southern  states,  in  Cuba  and  the  West  Indies,  and 
in  the  Hawaiian  Islands.  Its  growth  and  cultivation  form  an  industry 
in  nearly  all  tropical  countries. 

Allen  *  has  compiled  the  following  table  showing  the  composition 
of  the  juice  of  the  sugar  cane  from  different  localities: 


Locality  and  Kind 
of  Cane. 


Water. 


Martinique.  , 
Guadaloupc  . 

Havana. 

Cuba 

Mauritius  . . . 
Ribbon  cane, 
Tahiti , 


72-1 
72.0 
77.0 
65.9 
6q.o 

76-7.S 
76.08 


Sufjar. 


18.0 
17.8 
12.0 
17.7 
20.0 

13-39 
14.28 


Woody 
Fiber. 


Salts. 


Authority. 


9-9 
9.8 

II. o 

16.4 
10. o 
9-07 
8.87 


0.4 


I.O 

-39 
•35 


Peligot 

Dupuy 

('asaseca 

Casaseca 

leery 

Ave(juin 

Avequin 


The  composition  of  raw  cane  sugar  ash  according  to  Monier  is  as 
follows: 

RAW  CANE   SUGAR  ASH. 

Carbonate  of  calcium 49.00 

**  **  potassium 16.50 

Sodium  and  potassium  sulphate 16.00 

Sodium  chloride 9 .00 

Silica  and  alumina 9.50 

100.00 

Manufacture  of  Cane  Sugar. — ^The  process  of  manufacturing  raw 
sugar  from  sugar  cane  is  briefly  as  follows:  The  juice  is  first  extracted 
from  the  canes  l)y  crushing  in  roll  mills  and  is  freed  from  nitrogenous 
bodies,  organic  acids,  etc.,  by  the  process  of  dcjccaiion^  which  consists 
in  heating  to  coagulate  the  allnimin,  and  nearly  neutralizing  with  milk 
of  lime,  the  impurities  ])eing  removed  as  a  scum.  The  juiee  is  then 
subjected  to  evaporation  and  crystallization,  the  raw,  or  muscovado  sugar, 
which  contains  from  87  to  91  })er  cent  of  sucrose,  ])eing  separated  from 
the  molasses,  which  is  the  mother  liquor,  by  draining  or  by  centrifugal. 

Some  of  the  best  grade  of  muscovado,  or  raw  sugar,  is  used  as  ' '  brown 
sugar"  without  further  refining,  and  much  of  the  molasses  is  used  as  a 
table  syrup  and  for  cooking,  while  the  lower  grades  of  molasses  arc  used 
in  the  manufacture  of  rum. 

♦  Com.  Org.  Analysis,  i,  p.  315. 
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The  following  table  from  Thorpe  *  shows  the  average  compogitioD 
of  raw  and  refined  sugar: 


Good  centrifugal  - . 

Poor  centrifugal 

Good  muscovado. . 
Poor  muscovado  . . 
•s  sugar 


■  sugar. 


Manilla  sugar. . . 
Beet  sugar,  ist.. 
Beet  sugar,  sd  . . 


Granulated  sugar  . . 
White  colTee  sugar . . 
Yellow  X  C  sugar.  . 

Yellow  sugar 

Barrel  sugar 


8^ 

7S 

50 

00 

=5 

75 
»5 

The  following  minimum  and  maximum  figures  are  taken  from  analyses 
made  by  Babington  f  of  twenty-two  samples  of  brown  sugar  and  thirty- 
one  samples  of  molasses. 


BROWN    SUGAR. 

Direct  polarization 84     to  87 

Invert          "         —  27      "  —  29 

Sucrose  by  Clerget 83.5  "  91.5 

Reducing  sugar 3      "  6 
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The  Sugar  Beet  (£el0  vulgaris)  is  giown  chiefly  in  FianGe  and  Ger* 
many,  and  to  a  lesser  extent  in  Holland  and  En^and.  Tlw  successful 
growth  of  the  su|^  beet  in  the  United  States  is  confined  mainly  to  Cali- 
fomiay  Utah,  and  Nebraska^  and  the  entire  output  of  beet  sugar  in  this 
country  is  comparatively  small. 

According  to  R.  HoffmanUi  sugar  beets  have  about  the  following 
composition,  three  types  being  selected — first,  those  poor  in  sugar;  second, 
those  having  a  medium  sugar  content,  and  third,  those  rich  in  sugar: 


COMPOSITION  OF  THE  SUGAR  BEET. 


Water 

Sugar 

Nitrogenous  compounds 

Non-nitrogenous  compounds: 

Soluble 

Insoluble  (cellulose) 

Ash 

* 


First  Type. 


S9.20 
4.00 
Z.oo 

4.13 
Z.OI 

0.66 

zoo.  00 


Second  Type. 


83.20 

9.42 
1.64 

3-34 
1.50 

0.90 

"( 

zoo.  00 


Third  Type. 


75.20 

15.00 

2.20 

4.23 
2.07 

1.30 

zoo.oo 


The  following  is  the  mean  compositbn  of  ten  samples  of  California 
sugar  beet:* 

Per  cent  juice  extracted. 61.38 

Specific  gravity 1.063  to  1.075 

Per  cent  of  reducing  sugar. 0.91 

Per  cent  of  sucrose 14-38 

Total  solids  calculated 16.58 

Total  solids  weighed 17.20 

Per  cent  of  ash o-994 

The  composition  of  beet  sugar  ash  according  to  Monier  is  as  follows: 

RAW   BEET  SUGAR   ASH. 

Carbonates  of  potassium  and  sodium 82 .  20 

Carbonate  of  calcium 6. 70 

Potassium  and  sodium  sulphate  and  sodium  chloride.  ...  1 1 .  10 

100.00 

Manufacture  of  Beet  Sugar. — In  making  raw  sugar  from  sugar  beets 
•the  latter  are  first  washed  and  sliced  by  machineiy  and  the  juice  extracted 

*  U.  S.  DepC  of  Agric^  Div.  oC  Caicm.»  BuL  sy,  p» 
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■  by  diffusion  or  digestion  ivith  warm  water.  The  jbice  is  then  clarified 
or  defecated  in  much  the  same  manner  as  that  from  the  sugar  cane,  after 
which  it  is  usually  bleached  with  sulphur  dioxide. 

The  subsequent  evaporation  and  crystallization  are  carried  out  usu- 
ally in  vacuum  pans,  and  the  sugar  separated  out  by  centrifugals. 

Beet  sugar  molasses  is  unfit  for  food,  due  to  the  presence  of  nitroge- 
nous bodies,  which  give  it  a  very  unpleasant  taste  and  smell. 

Process  of  Refining. — In  refining  raw  sugar,  a  syrup  is  made,  which 
is  subjected  to  centrifuging  and  further  defecation,  usit^  lime,  clay, 
liquid  blood,  calcium  acid  phosphate,  and  other  substances  as  clarifiers. 
The  juices  are  then  filtered,  first  through  cloth  bags  and  then  through 
bone  char,  after  which  they  are  evaporated  and  allowed  to  crystallize,  the 
resultii^  granulated  sugar  being  separated,  as  in  the  case  of  raw  sugar, 
by  centrifugal  machines. 

Cranulakd  Sugar  of  commerce  b  without  doubt  the  purest  food  product 
on  the  market,  being  generally  99.8%  sucrose.  It  is  usually  treated  with 
an  extremely  weak  solution  of  ultramarine  to  counteract  the  natural 
yellow  color. 

The  syrup  from  which  the  granulated  sugar  is  separated  forms  the 
"golden,"  or  "drip,"  syrup  used  on  the  table.  Its  typical  composition 
is  as  follows:  Sucrose,  40%;  reducing  sugars,  25%;  water,  20%;  organic 
matter,  10%;   ash,   $%. 

The  dry  sugars,  whether  white  or  brown,  are  rarely  subjected  to 
adulteration. 

Haple  Sap. — The  sap  of  the  maple  tree,  Acer  saccharinum,  or  Acer 
barbalum,  furnishes  a  sugar  considerably  prized  for  its  peculiar  flavor. 
The  maple  sugar  industry  is  largely  confined  to  the  northeastern  states 
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with  great  care,  since  this  contains  nitrogenous  matters  that  would  cause 
fermentation  in  the  finished  product.  Pure  cane  sugar  is  never  com- 
mercially  produced  from  the  maple  sap,  since  the  refining  process  would 
deprive  it  of  the  flavor  which  gives  to  maple  sugar  the  chief  value. 

McGill  gives  the  following  as  the  average  analyses  of  six  samples 
of  maple  syrup  of  known  purity: 


Saccharim- 
ctcr  Invert. 

Cane  Sugar 
by  Clergct. 

By  Copper. 

Ash. 

Water.  ^ 

Sacchanm- 
eter  Direct. 

Reducing 
Sugar. 

Cane  Sugar. 

Solids. 

+  62.2 

—  21.2 

62.4 

-42 

(>i-i(^ 

•53 

35-70 

64.30 

The  following  is  a  summary  of  the  analyses  of  twenty  samples  of 
maple  sugar:* 

Sucrose 71.80  to  86.89% 

Reducing  sugar Trace  '*   12.19% 

Water 6.77  "  11.57% 

Ash 0.31  ''     1.50% 

Methods  for  the  analysis  of  maple  sugar  are  identical  with  those  for 
raw,  or  brown,  sugar. 

Adulteration  0}  Maple  Sugar  and  Syrup. — ^The  chief  adulterants  of 
maple  sugar  are  brown,  or  molasses  sugar,  and  white,  or  refined  sugar,, 
the  latter  being  often  used  in  mixture  with  burnt  or  inferior  maple  stocky 
which  itself  would  be  abnormally  dark  in  color  and  of  a  rank  taslc. 
Mai)lc  syrup  is  commonly  adulterated  with  golden,  or  drij)  syrup,  with 
commcrciiil  glucose,  with  molasses,  and  with  rcfmcd  sugar. 

The  ash  of  ])ure  ma})lc  syrup,  according  to  Sharpies,  should  not  be 
less  than  0.35  or  0.40  per  cent,  a  lower  ash  indicating  the  admi.xiure  of 
refined  cane  sugar.  ()n  the  other  hand,  the  addition  of  molasses,  or 
brown  sugar  stock  would  tend  to  raise  the  ash  far  above  the  average  for 
i)ure  maple,  as  well  as  to  increase  the  reducing  sugars.  A  high  reducing 
sugar,  sav  over  5^  <^ ,  while  sus])ici()us,  should  not  be  assumed  as  conclusive 
evidence  in  itself  of  molasses  sugar,  since  old  and  inferior  sami)les  of 
maple  sugar  and  syru])  are  sometimes  found  with  reducing  sugar  abnor- 
mally high.  It  is  fre(iuently  possible  to  identify  brown,  or  molasses, 
sugar,  especially  when  it  forms  the  larger  portion  of  the  alleged  maple 
sugar  or  syrup  by  the  ])hysical  sense  of  taste.     When  the  perfectly  charac- 

♦  U.  S.  Dcpt.  of  Agric,  Div.  of  Chem.,  Bui.  5,  p.  198. 
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teristic  taste  of  brown,  or  molasses  sugar,  or  of  "drip  syrup,"  so  far 
predominates  over  the  maple  flavor  as  to  be  unmistakable,  especially  in 
cases  where  the  maple  flavor  is  entirely  lacking,  one  need  have  little 
hesitation  in  condemning  the  product.*     See  also  Appendix,  p.  767. 

Sorghum  (Andropogon  sorghum,  variety  sacciiaratus)  has  for  many 
years  been  grown  quite  extensively  in  the  southern  and  western  states, 
and  used  as  a  source  of  syrup,  but  only  in  recent  years  has  it  been  found 
practicable  to  produce  crystallized  cane  sugar  from  it  on  account  of  the 
presence  of  starch,  uncrystallizablc  sugar,  etc. 

Much  experimental  work  has  been  done  of  late  along  this  line  by  the 
U-  S,  Department  of  Agriculture.  The  sorghum  plant  is  as  yet,  however, 
a  very  small  factor  in  the  production  of  cane  sugar,  though  much  progress 
is  being   made. 

The  composition  of  the  juice  of  the  sorghum  plant  is  shown  by  the 
following  resuUs  of  analyses  of  eleven  varieties  made  by  Hardin :  f 
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Specific  gravity i 

Solids  not  sugar 5 

Cane  sugar 2 
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Some  varieties  of  sorghum  juice  have  been  known  to  contain  15  or 
even  17  per  cent  of  sucrose. 

In  making  syrup  from  sorghum,  the  ripe  canes  arc  crushed,  the  juice 
is  heated  with  milk  of  lime,  and  the  scum  removed.  The  juice  is  then 
concentrated  usually  in  oi)en  pans  to  the  required  consistency. 
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The  specific  rotary  power  of  dextrose  is 

[«]d=52.3>    [«];=58. 

A  normal  solution  of  dextrose  on  the  Soleil-Ventzke  scale  polarizes  at 
78.6°.      For  the  commercial  preparation  of  dextrose  see  p.  471. 

U.  S.  Standards  for  Various  Sugars. — Standard  70  sugar,  or  brewers^ 
sugar,  is  hydrous  starch  sugar  containing  not  less  than  70%  of  dextrose, 
and  not  more  than  o.S^c  of  ash. 

Standard  80  sugar,  climax,  or  acme  sugar,  is  hydrous  starch  su-^ar 
containing  not  less  than  80%  of  dextrose.,  and  not  more  than  1.5^0  ^^f  ^^-^h. 

Standard  anhydrous  grape  sugar  is  anhydrous  gra])e  sugar  contain- 
ing not  less  than  95%  of  dextrose  without  water  of  crystaUization,  and 
not  more  than  0.8^0  of  ash. 

The  ash  of  these  standard  products  consists  almost  entirely  of  chlorides 
and  suli)hates  of  lime  and  soda. 

LEVULOSE. 

Levulose  is  of  importance  in  foods  only  as  the  product  of  inversion 
of  cane  sugar.  It  is  prepared  by  the  action  of  dilute  acids  on  inulin. 
Normally  it  is  in  the  form  oTF  a  syrup,  being  with  difficulty  crystallized, 
but  with  extreme  care  pure  anhydrous  levulose  can  be  obtained.  Dia- 
betene  is  a  commercial  form  of  dry  levulose.  Levulose  is  formed  with 
dextrose  in  the  inversion  of  cane  sugar  (p.  461),  and  with  dextrose  occurs 
in  honey  and  in  many  fruits.  The  specific  rotar)'  power  of  levulose 
varies  with  the  temperature.  At  15°  C.  [a]o=  —  98.8°,  decreasing  by 
0.6385°  for  each  degree  increase  in  temperature.  Its  left-handed  reading 
on  the  Ventzke  sugar  scale  at  15°  C.  is  equivalent  to  148.6°.  Levulose 
is  sweeter  than  dextrose.  Its  reducing  power  on  Fehling's  solution  is 
assumed  to  be  the  same  as  that  of  dextrose. 

MALT    SUGAR,   OR   MALTOSE. 

Maltose  (Ci  Jl.,./)j,-fH.,())  is  of  little  imj)ortance  from  the  standpoint 
of  the  f(M)d  analyst,  exce])ling  as  an  ingredient  of  commercial  glucose, 
and  as  being  the  sugar  produced  by  the  action  of  i)tyaline,  the  ferment 
of  the  saliva  on  the  starch  of  food  in  the  ordinary'  process  of  digestion. 
When  gelatinized  starch  is  subjected  to  treatment  with  malt  extract  at 
55°  to  60°  C,  it  is  converted  into  dextrin  and  maltose  as  follows: 

Ci8H3oOi5+  HjO  =  C0H10O5+  CijHjjOn- 

Starch  Dextrin  Maltose 
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In  its  commercial  preparation  maltose  is  separated  from  dextrin  by 
crystallization  in  alcohol.  By  the  action  of  weak  acids  and  heat  both 
dextrin  and  maltose  are  further  converted  into  dcxtrDse. 

Maltose  usually  crystallizes  in  minute  needles,  and  its  molecule  of 
■water  is  expelled  at  iio^C.  It  is  somewhat  less  soluble  in  water  than 
dextrose.  It  is  slightly  soluble  in  alcohol,  though  less  than  sucrose.  So- 
lutions of  mahose  possess  the  property  of  birotation;  i.e.,  when  freshly 
prepared  they  do  not  at  once  assume  their  true  optical  activity.  The 
rotation  of  a  freshly  prepared  solution  of  maltose  increases  on  standing, 
requiring  several  hours  to  reach  its  maximum.  The  specific  rotary 
power,  according  to  O'Sullivaa,  of  anhydrous  maltose  is  [a]D=  139-2, 
Xa],  =  154-5.    For  hydrated  maltose  [aj^  would  thus  be  132.2. 

A  normal  solution  of  maltose  on  the  Soleil-Ventzke  scale  should  po- 
larize at  198.8°. 

DEXTRIN.      COmfERCIAL  GLUCOSE. 

DBXTfillT,  (C,H,,0,)„  possesses  more  the  nature  of  a  gum  than  oi  a 
si^ar,  and  is  sometimes  called  British  gum.  It  is  said  to  occur  naturally 
in  the  sap  of  various  plants,  but  this  is  not  definitely  assured. 

It  undoubtedly  occurs  in  beer  and  in  bread  crust,  and  is  one  of  the 
constituents  of  commercial  glucose.  Like  starch,  it  is  convertible  by 
hydrolysb  with  acid  into  dextrose.  By  treatment  of  starch  with  malt 
extract  or  diastase,  starch  is  converted  into  dextrin  and  maltose,  these 
two  bodies  being  separated,  in  the  commercial  preparations  of  dextrin, 
by  repeated  treatment  with  alcohol. 

Dextrin  is  an  uncrystallized,  colorless,  tasteless  body,  capable  of 
being  pulverized.     It  is  readily  soluble  in  water,  slightly  soluble  in  dilute 
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juice  is  filtered  through  bone  Uack,  and  finally  concentrated  by  evapora* 
tion,  the  dqp:ee  of  conversion  and  of  concentration  depending  on  idiether 
the  liquid  glucose  or  the  solid  dextrose  is  wanted  for  the  final  product. 
The  end  product  obtained  by  complete  conversion  is  the  dry  conunerdal 
grape  sugar,  or  dextrose,  which  is  purified  by  repeated  crystallization. 

Commercial  glucose  is  a  mixture  of  dextrin,  maltose,  and  dextrose 
of  the  following  varying  composition: 


Dextrin 29.8%    1045.^/0 

Maltose 4.6%     "  19-3% 

Dextrose • 34-3%     "  3<^-5% 

Ash 0.32%  ''   0.52% 

Water 14-2%     "17.2% 

Calcium  sulphate  is  usually  found  in  the  ash. 

Solid  commercial  grape  sugar,  or  dextrose,  has  the  following  com* 
position: 

Dextrin 6%  9*^% 

Maltose 0%  1.8% 

Dextrose 72%  99-4% 

Ash. 0.3%  0.75% 

Water. o.6%  x7-5% 

• 

U.  S.  Standard  glucose^  miximg  /^mcase^  or  amfecHaners'  glucose  ^  is  cotor- 
less  glucose,  varying  in  density  between  41^  and  45^  Baum^,  at  a  tempera* 
ture  of  100®  F.  (37.7°  C).  It  conforms  in  density,  within  these  limits,  to 
the  degree  Baum^  it  is  claimed  to  shdw,  and  for  a  density  of  41^  Baurn^ 
contains  not  more  than  21%  of  water,  and  for  a  density  of  45°  not  more 
than  14%.  It  contains  on  a  basis  of  41®  Baum^  not  more  than  1%  of 
ash,  consisting  chiefly  of  chlorides  and  sulphates  of  lime  and  soda. 

Healthfulness  of  Glucose. — The  analyst  alleging  commercial  glucose 
as  an  adulterant  is  frequently  asked  in  court  as  to  its  healthfulness,  so 
that  the  following  conclusions  of  a  conunittee  appointed  some  years  ago 
by  the  National  Academy  of  Sciences  to  ascertain  among  other  things 
whether  there  is  any  danger  attending  the  use  of  this  product  in  food  are 
in  point:  ** First,  that  the  manufacture  of  sugar  from  starch  is  a  long- 
established  industry,  scientifically  valuable  and  conunercially  important; 
second,  that  the  processes  which  it  employs  at  the  present  time  are  unob* 
jectionable  'in  their  character  and  leave  the  product  uncontaminated; 
third,  that  the  starch  sugar  thus  made  and  sent  into  commerce  b  of  excep* 
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tional  purity  and  uniformiiy  of  composition  and  contains  no  injurious 
substances;  and  fourth,  that  though  having  at  best  only  about  two- 
thirds  the  sweetening  power  of  cane  sugar,  yet  starch  sugar  is  in  no  way 
inferior  in  healthfulncss,  there  beii^  no  evidence  before  the  committee 
that  maize  starch  sugar,  either  in  its  normal  condition  or  fermented,  has 
any  deleterious  effect  upon  the  s>^tem,  even  when  taken  in  large  quan- 
tities." 

HILK   SUGAS,   OK   LACTOSE. 

Lactose  CCuH„0„+H,0)  is  prepared  commercially  from  skim- 
milk  by  coagulating  with  rennet  and  (Resting  the  whey  with  chalk  and 
aluminum  hydroxide.  The  insoluble  matter  is  filtered  out,  and  the 
filtrate  Ls  concentrated  in  vacuo  to  a  syrup,  which,  on  standing,  yields 
crj-stals  of  lactose.    The  product  is  purified  by  repeated  crystallization. 

Lactose  ordinarily  crj'stallizcs  in  rhombic,  hemihedral  crj-stals.  Its 
specific  gravity  is  1.525.  Its  water  of  crystallization  is  lost  by  drying  at 
130*  C.  It  is  soluble  in  6  parts  of  cold  water,  and  in  aj  or  less  of  boiling 
water.  It  is  insoluble  in  absolute  alcohol  and  ether.  It  has  a  ver\'  slightly 
sweet  tai^te. 

The  specific  iDtary  power  of  milk  sugar,  after  remaining  in  solution 
long  enough  to  overcome  its  birotation,  b 

[a];,=  52.5. 

In  the  ordinan-  souring  of  milk  the  lactose  becomes  converted  into 
lactic  acid. 

On  heating  lactose  with  dilute  acids  it  undergoes  inver-iion,  forming 
ilcxtnise  and  g;Uaciose  in  accortlance  with  the  formula  given  on  p.  461, 
illustniling  the  inversion  of  can;.-  >ugar. 
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Raffinose  occurs  in  beet  root  molasses  to  the  extent  of  from  3  to  4 
per  cent.  It  is  a  ciystalluie,  sUghtly  sweet  substance,  soluble  in  water 
and  slightly  soluble  in  alcohoL  It  does  not  reduce  Fehling's  solution, 
but  readily  undergoes  fermentation.  On  inversion  it  splits  up  into' 
levulose  and  melibiose  (CisH^iOii). 

The  melting-point  of  raflSnose  is  118^  to  119®  C.  Its  specific  rotaiy 
power  [alD=  + 104.5  ^^  ^  temperature  of  20^  C. 


THE  POLARISCOPE  AND  SACCHARIMETRY. 

A  full  discussion  of  the  principles  of  polarized  light  and  even  a  detailed 
description  of  their  appUcation  to  the  polariscope  will  not  be  given  here, 
but  the  reader  who  wishes  full  information  along  this  line  is  referred  to 
the  various  text-books,  and  especially  to  those  of  Tucker,  Spencer,  and 
Landolt,*  in  which  various  forms  of  polariscopes  are  described  and  their 
underlying  principles  discussed. 

The  Soleil-Ventzke  Sacdurimeter  is  the  one  most  commonly  used 
in  this  country,  being  adopted  as  the  standard  for  all  United  States  govern- 
ment work.      Fig.  99  shows  this  instrument,  known  as  the  half-shadow 


I  IDizid 


Fig.  99. — Single-wedge  Saccharimeter. 


apparatus,  in  its  simplest  form  with  a  single  movable  wedge  in  its  com- 
pensating system. 

An  excellent  light  for  work  with  this  instrument  is  that  furnished  by 
the  Welsbach  ])umer,  a  convenient  form  of  lamp  being  shown  in  Fig.  1 10, 
in  which  the  burner  is  inclosed  in  a  sheet-metal  chimney  of  suitable  con- 
struction.   An  argand,  gas,  or  kerosene  burner  may  however  be  used, 

*  See  leferencei,  p.  529. 
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and  in  a  kte  form  of  Schmidt  and  Haensch  instrument,  Fig,  loo,  a 
specially  constructed  incandescent  electric  lamp  is  supplied. 

The  Single-wedge  Saccharimeter. — The  following  description  of  the 
saccharimeter  and  directions  for  its  use  are  from  the  revised  regulations 
of  the  U.  S.  Internal  Revenue  Department.  The  tube  N,  Fig.  99,  con- 
tains the  illuminating  system  of  lenses  and  is  placed  next  to  the  lamp; 
the  polarizing  prism  is  at  O  and  the  analyzing  prism  at  H.  The  quartz 
wedge  compensating  system  is  contained  in  the  portions  of  the  tube  marked 
FEG  and  is  controlled  by  the  milled  head  M.  The  tube  /  carries  a  small 
telescope,  through  which  the  field  of  the  instrument  is  viewed,  and  just 
above  is  the  reading-tube  K,  which  is  provided  with  a  mirror  and  magnify- 
ing lens  for  readii^  the  scale. 

The  tube  containing  the  sugar  solution  is  shown  in  position  in  the 
trough  between  the  two  ends  of  the  instrument.  In  using  the  instrument 
the  lamp  is  placed  at  a  distance  of  at  least  zoo  mm.  from  the  polarizing 
end;  the  observer  seats  himself  at  the  opposite  end  in  such  a  manner 
as  to  bring  his  eye  in  line  with  the  tube  J.  The  telescope  is  moved  in  or 
out  until  the  proper  focus  is  secured  to  give  a  dearly  defined  image, 
when  the  field  of  the  instrument  will  appear  as  a  round,  luminous 
disk,  divided  into  halves  by  a  vertical  line  passing  through  its  center, 
and  darker  on  one  half  of  the  disk  than  on  the  other,  when  the  com*, 
pensating  quartz  wedge  is  displaced  from  the  neutral  position.  If  the 
observer,  still  looking  through  the  telescope,  will  now  grasp  the  milled 
head  M  and  rotate  it  first  one  way  and  then  the  other,  he  will  find 
that  the  appearance  of  the  field  changes,  and  at  a  certain  point  the 
dark  half  becomes  light  and  the  light  half  dark.  By  rotating  the  milled 
head  delicately  backward  and  fonvard  over  this  point  he  will  be  able  to 
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With  the  milled  head  set  at  the  point  which  gives  the  appearance  of 
the  middle  disk  shown  in  Fig,  103,  the  eye  of  the  observer  is  raised  to  the 
reading  tube  K,  which  is  adjusted  lo  secure  a  plain  reading  of  the  divisions, 
and  the  position  of  the  scale  is  noted.  It  will  be  seen  that  the  scale  proper 
is  attached  to  the  quartz  wedge,  which  is  moved  by  the  millctl  head; 
and  attachc<l  to  the  other  quartz  wc(%e  is  a  small  scale  called  a  vernier, 
which  is  fixed,  and  which  serves  for  the  exact  detcrminalion  of  ihu  posi- 
tion of  the  movable  scale  with  reference  to  it.  On  each  side  of  the  zerc 
line  of  the  vernier  a  space  corresponding  to  ubiv  divisions  of  the  movable 
scale  is  divided  into  kn  equal  parts.  By  this  device  the  fractional  part 
of  a  degree  indicated  by  the  position  of  the  zero  line  is  ascertained  in 


tenths;  it  is  only  nicessary  to  count  from  zero  until  a  line  is  found  which 
makes  a  conlintwnis  line  with  one  on  the  movable  scale. 

With  the  neutral  livid,  as  indicated  above,  the  zero  of  the  movable 
scale  should  corrc-spcmd  closely  with  the  zero  of  the  vernier,  unless  the 
zero  ])oin1  is  out  of  adjustment, 

Adjuslin^  ihe  Instrument. — If  the  observer  desires  to  secure  an  exact 
adjustment  of  the  zero  of  the  scale,  or  in  any  case  if  the  latter  deviates 
more  than  one-half  of  a  degree,  the  zero  lines  are  made  lo  coincide  by 
moving  the  milled  head  and  securing  a  neutral  field  at  this  point  by 
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means  of  the  small  key  which  comes  with  the  instrument,  and  which 
fits  a  small  nipple  on  the  ie//-hand  side  of  F,  the  fixed  quartz  wedge  of 
the  compensating  system.  This  nipple  must  not  be  confounded  with 
a  similar  nipple  on  the  rt^A/-hand  side  of  the  analyzing  prism  H,  which 
it  fits  as  well,  but  which  musl  never  he  touched,  as  the  adjustnoent  of 
the  instrument  would  be  seriously  disturbed  by  moving  it.  With  the 
key  on  the  proper  nipple  it  b  turned  one  way  or  the  other  until  the 
field  is  neutral.  Unless  the  deviation  of  the  zero  be  greater  than  0.5*  it 
will  not  be  necessary  to  use  the  key,  but  only  to  note  the  amount  of  the 
deviation,  and  for  this  purpose  the  observer  must  not  be  content  with 
a  single  setting,  but  must  perform  the  operation  five  or  six  times  and  take 
the  mean  of  these  different  readings.  If  one  or  more  of  the  readings 
show  a  deviation  of  more  than  0.2°  from  the  general  average  they  should 
be  rejected  as  incorrect.  Between  each  observation  the  eye  should  be 
allowed  a  moment  of  rest. 

Tite  Scale  usually  has  no  equal  divisions  on  one  side  of  the  zero  for 
reading  right-handed  polarization,  and  20  equal  divisions  on  the  other 
side  for  left-handed  polarization.  The  scale  is  an  arbitrary  one,  based 
on  the  plan  that  a  normal  aqueous  solution  of  pure  cane  sugar  (26.048 
grams  made  up  to  100  cc.)  will  read  exactly  100°  or  divisions  to  the  right 
of  the  zero. 

The  accuracy  of  various  portions  of  the  scale  may  be  verified  by 
quartz  control  plates  of  varj-ing  thickness,  usually  mounted  in  tubes, 
the  correct  polariscopic  reading  of  each  of  which  plates  has  been  accurately 
([etermined,  this  reading  being  as  a  rule  marked  on  the  tube.  .\s  the 
sugar  value  of  such  a  quartz  plate  varies  with  the  temperature,  the 
temperature  at  which  the  particular  reading  marked  thereon  applies  b 


FiC.    104. — Apptaninrcs  of  tlif  l''icld  in  ihc  'I  rijilc-shacic  Sact ha n meter. 
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Fkk  iox.— Doobfe^indgB^  T^dpk-diade  Salea-VcotdDe  STrharimntei; 

is  the  triple-shadow  instrument,  the  construction  of  the  polaiizer  Being 
shown  in  Fig.  102. 

In  this  form  the  analyzer  is  the  same  as  in  the  fore- 
going instruments,  but  the  polarizer  consists  of  one  large 
and  two  small  Nicol  prisms  I,  I!,  and  IQ,  the  construction 
and  arrangement  being  such  that  when  the  compensating 
wedges  arc  at  the  neutral  point,  sections  i,  2,  and  3  of 
the  circular  field  (corresponding  respectively  to  the  prisms 
I,  II,  and  III)  are  evenly  lighted,  forming  a  circular 
uniformly  colored  field,  while  in  any  other  position*  of  I — 
the  wedges  section  i  is  dark  while  2  and  3  are  light  or  | 
vice  versa.    The  accompanying  diagram.  Fig.  104,  shows  j 
the  appearance  of  ihe  field  of  this  instrument  in  the  three 
positions  of  the  quartz  wedge,  viz.,  at  the  neutral  point 
and  at  both  sides  thereof. 

The  lamp  used  for  illumination  should  be  separated 
from  the  polariscope  on  account  of  the  influence  of  its         ^^*  ^<^ 
heat  on  the  readings.     This  is  best  accomplished  by 
having  the  lamp  in  a  sepamte  compartment  from  the  polariscope,  so 
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that  both  are  on  opposite  sides  of  a  partition,  an  opening  in  which  trans* 
mils  the  light.  In  any  event  some  kind  of  screen  should  be  interposed 
between  the  two.  Best  results  are  obtained  if  the  room  in  which  the 
observations  are  made  is  dark. 

'  Comparisons  of  Scales  of  Various  Polariscopes. — Besides  the  Soleil- 
Ventzke  instrument,  there  are  various  other  forms  of  polariscope.  Among 
the  best  known  of  these  are  Laurent's,  Wild's,  and  Duboscq's,  all  of 
which  are  made  with  scales  readii^  in  circular  degrees,  while  in  some 
cases  moditied  forms  have  scales  in  which,  like  the  Soleil-Ventzke,  per- 
cent^es  of  sugar  are  directly  read  off.  Some  instruments  are  provided 
with  double  scales  reading  both  circular  degrees  and  percentages  of  sugar, 
and  in  certain  of  the  Duboscq  instruments  additional  scales  for  percent- 
ages of  milk  sugar  and  diabetic  sugar  are  provided. 

In  the  Wild,  Duboscq,  and  Laurent  instruments  the  source  of  light 
is  the  sodium  flame,  yielding  what  is  termed  a  monochromatic  light. 
This  is  produced  by  fused  sodium  chloride  passing  through  a  Bunscn 
flame,  various  mechanical  devices  being  employed  for  making  the  light 
continuous.  In  the  Ventzke  instrument,  as  was  stated  above,  the  ordinary 
light  from  a  bright  gas  or  oil  flame  b  used. 

For  convenience  in  conversion  of  readings  on  one  instrument  to  their 
equivalents  on  other  scales,  the  following  factors  can  be  used: 


Ventzke                        -o 

3468= 

annular  rotation  D. 

angular  rotation  D      —  z 

8835° 

Ventzke. 

Ventzke                        -2 

6048° 

Wild  {sugar  scale). 

WUd  (sugar  scale)       -0 

3840° 

Ventzke. 

•33'° 

angular  rotation  D. 

angular  rotation  D      -0 

75"° 

Wild  (sugar  scale) 

Laurent  (sugar  scale)  —0 

1167° 

angular  rotation  D. 

angular  rotation  i)      —4 

6154° 

Laurent  (sugar  scale). 

Solcil-Duboscq             -0 

2167" 

angular  rotation  D, 
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Specific  Rotary  Power.— This  is  a  theoretical  term  to  express  a  stand- 
ard by  which  the  various  optically  active  substances  may  be  conqNued, 
and  is  imderstood  to  mean  the  amount  in  angular  dq;rees  through  which 
the  plane  of  polarization  of  a  ray  of  light  of  stated  wave  length  is  rotated 
by  I  gram  of  a  given  substance  in  aqueous  solution  of  i  cc.  and  forming 
a  column  i  decimeter  in  length.  The  actual  rotary  power  of  a  solution 
varies  directly  with  the  length  of  the  column  traversed  by  the  light,  with 
the  concentration  of  the  solution,  and  with  the  wave  length  of  light, 
hence  the  need  of  a  purely  theoretical  basis  for  purposes  of  comparison. 

The  specific  rotary  power  is  usually  expressed  as  [ajo  or  [a]^,  the 
letters  D  or  j  indicating  the  character  of  the  light.  Thus,  D  indicates 
the  monochromatic  light  obtained  from  the  sodium  flame,  named  from  the 
D  line  of  Fraunhofer  in  the  yellow  portion  of  the  spectrum,  while  ;  (from 
the  French  jaune)  indicates  what  is  known  as  the  transition  tint^  the 
rcse-purple  color  produced  when  ordinary  white  light  passes  through 
the  polarizer  and  analyzer,  placed  with  their  principal  sections  parallel 
to  each  other  and  with  a  plate  of  quartz  3.75  mm.  thick  interposed  between 
them.* 

The  specific  rotary  power  is  determined  as  follows; 

r  1  r  1     ^QQ^ 

where  a—observed  angular  rotatioxii 

c — grams  of  the  substance  in  zoo  cc  of  the  solution,  and 
/-"length  of  the  observation-tube  in  decimeters;  or,  in  cases  where, 
instead  of  the  grams  per  100  cc.,  the  percentage  composition  is  known 
(expressed  by  />= grams  of  the  substance  in  100  grams  of  the  solvent), 

and  the  specific  gravity  (expressed  by  rf),  then  \pl\o  or  [«L  =  ~^^r* 

Birotation. — In  polarizing  solutions  of  all  the  common  sugars  other 
than  sucrose  the  phenomenon  of  birotation  should  be  taken  into  account, 
whereby  a  change  in  optical  activity  is  shown  by  standing.  Thus,  solu- 
tions of  dextrose,  levulosc,  and  lactose  polarize  much  higher  when  freshly 
prepared  than  after  long  standing,  requiring  in  some  instances  several 
hours  before  the  lowest  or  normal  figure  is  reached.  Maltose,  on  the 
other  hand,   increases  in  polarization  after  standing  in  solution.     By 

*  Some  confusion  is  caused  by  the  adoption  of  the  characters  D  and  /,  since  both  would 
naturally  seem  to  indicate  yellow  light.  The  ao-called  IransUkm  tint  above  defined  is,  how- 
ever* complementaxy  to  the  mean  yellow,  or  jautm  moyenf  and  it  la  the  complementary  coloff 
and  not  the  yellow  itself  that  is  indicated  by  the  character  / 
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boiling  the  solution  it  may  be  at  once  brought  to  its  correct  reading-  The 
desired  result  may  also  be  accomplished  by  adding  a  few  drops  of  ammo- 
nia, cither  treatment  being  resorted  to  before  the  solution  is  made  up  to 
the  required  volume. 

ANALYSIS  OF  CANE  SUGAR  AND  ITS  PRODUCTS. 

Qualitative  Tests  for  Sucrose. — (a)  Polariscope  Test. — The  substance 
to  be  tested,  if  not  already  in  solution,  is  dissolved  in  water,  and  if  the 
solution  is  not  perfectly  clear,  is  clarified  by  the  addition  of  alumina 
cream  or  by  subacelate  of  lead  (p.  481)  and  filtered.  An  observation 
tube  is  filled  with  the  clear  solution  and  the  polariscope  reading  noted. 
A  measured  portion  of  the  same  solution  is  then  treated  with  one-tenth  its 
volume  of  concentrated  hydrochloric  acid  and  is  subjected  to  inversion 
(p.  4S3),  after  which  the  same  tube  as  before  is  filled  with  the  inverted 
solution  and  a  second  reading  obtained,  one-tenth  of  the  observed  reading 
being  added  for  the  true  invert  polariscopic  reading.  If  the  two  readings 
are  virtually  the  same,  sucrose  is  absent,  but,  in  the  presence  of  sucrose, 
the  second  reading  will  be  considerably  lower  than  the  first  or  may  even 
be  to  the  left  of  the  zero. 

(b)  Test  vnth  Nitrate  of  Cobalt* — Prepare  a  5%  solution  of  cobaltous 
nitrate,  and  a  50%  solution  of  potassium  hydroxide.  If  the  sugar  solution 
to  be  tested  contains  dextrin  or  gums,  these  should  first  be  removed 
by  treatment  with  alcohol,  15  cc.  of  the  sugar  solution  to  be  tested  arc 
mixed  with  5  cc.  of  the  cobaltous  nitrate  reagent,  and  2  cc.  of  the  potas- 
sium hydroxide  solution  are  added.  Sucrose  produces  under  these  con- 
ditions a  permanent  amethyst-blue  color,  while  dextrose  gives  at  first  a 
turquoise-blue  passing  over  into  light  green.     In  a  mixture  of  the  two 
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''Detenninatioa  of  Moisture. — 5  grams  of  the  sample  a 
weighed  in  a  flat,  tared  platinum  dish,  and  dried  to  constar 
vacuo,  or  in  a  McGill  oven*  in  a  current  of  air,  at  a  temj 
exceeding  70°  C.  Formcrlj'  it  was  customarj'  to  dry  sugars 
it  has  wccntly  been  shown  that  at  a  temperature  in  excess  of  "^  1 
le^iilosc-  becomes  dehydrated. 

Determination  of  the  Ash. — ^The  residue  from  the  moisture  deter- 
minalir);!  is  burned  slowly  ami  cautiously  over  a  low  flame  until  frothing 
has  ceased.  Afterwards  increase  the  flame  and  ignite  to  a  white  ash 
at  a  low,  red  heat. 

In  igniting  saccharine  substances  which  contain  an  appreciable  amount 
of  cane  sugar,  the  contents  of  the  dish  will  swell  up  and  froth,  unless 
great  care  be  taken,  to  such  an  extent  as  to  flow  over  the  sides  of  the 
dish,  occasioning  loss  and  inconvenience.  Such  frothing  may  be  largely 
held  in  check  by  directing  the  flame  at  first  down  from  above  upon  the 
pasly  mass,  instead  of  from  under  the  dish  as  ordinarily,  till  all  is  reduced 
to  a  dry  char,  afterwards  continuing  the  ignition  from  below  in  the  usual^ 
manner. 

Organic  Non-sugars. — These  consist  mainly  of  compounds  of  o 
acids,  together  with  gum,  coloring  matter,  albuminous  bodies,  etc. 
arc  determined  by  difference  between  100%  and  the  sum  of  the  sucrose, 
invert  sugar,  moisture,  and  ash. 

Quotient  of  Purity. — By  this  term  is  meant  the  percentage  of  pure 
sugar  in  the  dry  substance.     It  b  calculated  by  dividing  the  per  cei 
of  sucrose  by  the  jjercenlage  of  total  solids  and  multiplying  the  result 
by  100, 

Determination  of  Sucrose  by  the  Polariscope. — Reagents. — Subacc- 
tale  oj  Lead  Solution,  f — Tlii?  i^  prepared  by  boiling  for  half  an  hour  430 
grams  of  normal  lead  acetate,   130  grams  of  litharge,  and  1000  cc.  of 

*  A.  McGill,  L.abora[ury  of  Inland  Revenue,  Ottawa,  Canada,  has  devised  a  Corced- 
dtafl  water-oven  for  drying  al  temperatures  between  60°  and  90°  C.  The  oven  is  heated 
by  means  of  ordinary  gas-burners,  and  the  tempeisture  is  controlled  by  introducing  at  Ihc 
bottom  of  the  oven  a  blast  of  air  from  a  blower  run  by  a  small  water-motor.  Before  dis- 
charging into  the  oven,  ihe  air-lube  enters  the  wateT-cbtunber  and  is  coiled  a  number  of 
times  in  order  to  sulficjently  warm  the  air  befon  It  enters  the  oven.  The  exit  end  of  the 
ftir-tube  is  covered  wiih  a  concavo-convex  dllk  In  order  to  distribute  the  blast  and  to  pie- 
vent  harmful  currents.  By  regulating  tlw  faomea  and  the  flow  of  air,  a  fairly  constant  tern- 
perature  can  be  obtained.  The  bottam  el  the  am  it  curved  instead  of  flat,  to  prevent 
temping  when  the  water  is  boiling;  a  iwrConMrd  pUtt  aerre*  a*  a  false  bomun. 

t  U.  S.  P.  lead  subaceute  ma;  bo  wed.    IWi  k  lOBBeilinee  eoU  tmder  the  name  at 
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water.  The  mixture  b  allowed  to  cool  and  settle,  when  the  super- 
natant liquid  is  diluted  to  1.25  specific  gravity  with  recently  boiled  water. 

Alumina  Cream  is  prepared  by  dividing  a  cold,  saturated,  aqueous 
solution  of  alum  into  two  unequal  portions,  to  the  larger  of  which  add  a 
slight  excess  of  ammonia.  Then  add  by  degrees  the  remaining  portion 
to  a  faint  acid  reaction. 

Process. — If  the  Soleil- Ventzke  polariscope  is  to  be  used,  weigh  out  36.048 
grams  of  the  sugar,  which  may  converuently  be  done  in  the  German-silver, 
tared  tray  especially  designed  for  this  purpose,  and  which  accompanies  the 
Schmidt  and  Haensch  polariscope,  Fig.  105.     If  any  other  instrument  than 


Fig.  105. — Gennaa-silver  iiugar-tray  with  Tare. 


the  Soleil-Ventzke  is  employed,  weigh  out  the  standard  or  normal  weight 
for  that  instrument  (see  p.  478).  Transfer  the  sugar  by  washing  to  a 
loo-cc.  graduated  sugar-flask,  and  if  the  solution  is  perfectly  clear,  as 
\vouId  be  the  case  with  a  refined  sugar,  make  up  to  the  mark  and  shake 
to  insure  a  uniform  solution.  If  the  solution  is  slightly  turbid,  or  more 
or  less  opaque  or  dark-colored,  a  clarifier  must  be  added  before  making 
up  to  the  mark  to  obtain  a  clear  solution  for  polarization.    The  kind 
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For  additional  details  as  to  clarification  see  page  502,  under  Molasses. 
After  adding  the  clarifier,  the  flask  is  filled  to  the  mark  with  water 
and  shaken,  the  solution  being  poured  upon  a  dry  filter  and  the  first 
few  cubic  centimeters  of  the  filtrate  rejected.  A  200-mm.  observation- 
tube  is  filled  with  the  clear  sugar  solution  and  the  polarization  noted. 
If  sucrose  is  the  only  optically  active  substance  present,  the  direct  read- 
ing on  the  polariscope  will  indicate  its  percentage. 

Process  0}  Inversion. — In  the  presence  of  invert  or  other  sugars  the 
normal  solution  as  above  prepared  is  subjected  to  inversion  as  follows: 
Take  50  cc.  of  the  above  clear  sugar  solution  or  of  the  clarified  filtrate, 
and  add  5  cc.  of  concentrated  hydrochloric  acid.  For  this  purpose  a 
flask  graduated  both  to  50  and  55  cc.  is  convenient.  Place  the  flask 
containing  this  mixture  in  water  and  heat  the  water  gradually  till  a  ther- 
mometer in  the  flask  indicates  68°  C,  maintaining  it  at  between  68°  and 
70°  for  five  minutes,  after  which  remove  the  flask  and  let  it  cool  to  room 
temperature.  Filter  if  necessary,  fill  a  220-mm.  observation-tube  with 
the  clear  solution,  and  take  the  second  or  invert  reading.  Or  if  a  220-mm. 
tube  is  not  available,  use  the  same  tube  as  before  (200  mm.)  and  add 
10%  to  the  reading.  Note  the  temperature  at  which  the  invert  reading 
is  taken. 

The  sucrose  is  obtained  by  the  following  formula  of  Clerget,  based  on 
the  rotation  of  cane  sugar  before  and  after  inversion, 

^     100  (a-b) 

^^  t    ' 

^44-- 

where  5  =  per  cent  of  sucrose,  a  =  direct  polarization,  6  =  invert  polari- 
zation, and  /^temperature.  Note  that  if  the  direct  polarization  is  to 
the  right  or  j)ositive,  and  the  invert  to  the  left  or  negative,  then  a  —  b  would 
be  the  sum  of  the  two  polarizations. 

In  many  cases  where  it  is  almost  impossible  to  obtain  a  colorless 
solution  for  ]H)larizati()n  in  the  200-mm.  tube,  a  loo-mm.  tube  may  ])e 
employed,  and  the  readings  muhiplied  by  2,  or  half  the  normal  weight,* 
viz.,  13.024  grams,  of  the  sample  maybe  taken  and  made  uj)  to  100  cc, 
the  200- mm.  tube  em])loyed,  and  the  readings  multiplied  by  2. 

*  Wherever  the  term  " normal  weight"  occurs  hereafter  will  l>e  meant,  unless  otherwise 
noted,  the  normal  weight  of  sugar  for  the  Soleil-Ventzke  polariscojM?,  viz.,  26.048,  and  by  a 
"normal  solution"  will  be  meant  26.048  grams  in  100  cc.  of  water.  Clerget 's  formula,  as 
originally  worked  out  by  him,  was  not  based  on  this  normal  weight,  but  on  16.35  grams. 
It  is,  howevc  r,  applicable  to  26.048  grams. 
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The  determination  of  sucrose  by  the  Clerget  formula  is  applicable 
to  all  mixtures  of  the  common  sugars  excepting  those  in  which  lactose,  or 
milk  sugar,  is  present. 

Theory  oj  Inversion. — On  p.  461  a  reaction  is  given  showing  that 
when  sucrose  is  subjected  to  inversion  by  the  action  of  dilute  acids  or 
of  invertase  or  yeast  it  splits  up  into  the  two  sugars  dextrose  and  levulose, 
forming  equal  quantities  of  each.  The  dextrose  is,  however,  dextro- 
rotary  and  the  levulose  laevorotary.  Invert  sugar  is  the  term  applied 
to  the  mixture  of  dextrose  and  levulose  formed  by  the  inversion  of  sucrose. 
The  specific  rotaiy  power  of  sucrose  varies  so  little  with  the  temperature 
as  to  be  regarded  for  practical  purposes  as  constant.  At  87°  a  solution 
of  invert  sugar  polarizes  at  zero.  This  is  due  to  the  fact  that  the  rotary 
power  of  levtilose,  unlike  that  of  sucrose  and  dextrose,  varies  with  the 
temperature.  At  from  87"  to  88°  the  left-handed  rotation  of  the  levulose 
balances  the  right-handed  rotation  of  the  dextrose  in  the  invert  sugar, 
hence  the  zero  reading.  As  the  temperature  decreases  from  87",  the 
rotary  power  of  the  levulose  proportionally  increases,  tOl  at  0°  the  normal 
invert  sugar  solution  would  polarize  44°  to  the  left  of  the  zero.  On  these 
facts  Clerget's  formula  (p.  483)  is  based,  assuming  that  a  normal  solution 
of  pure  cane  sugar  polarizes  at  + 100°,  while  after  inversion  the  reading 
for  0°  temperature  would  be  —44"  and  would  decrease  half  a  d^ree 
for  each  degree  in  temperature  above  0°.  Thus  at  20°  the  invert  reading 
would  be  —34. 

For  polariscopes  graduated  in  angular  degrees  Tuchschmidt  *  gives 
the  following  formula  for  calculation  of  sucrose, 
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1%  solution  of  methyl  blue,  and  boil  over  a  free  flame,  noticing  particu- 
larly the  time  the  solution  begins  to  boil. 

If  the  color  disappears  in  one  minute  after  boiling,  there  is  present 
at  least  0.01%  of  invert  sugar.  If  it  is  not  completely  decolorized  by 
three  minutes'  boiling,  no  invert  sugar  is  present. 

Determination  of  Invert  Sugar  in  Cane  Sugar  Products  by  the  Polar- 
iscope. — While  invert  sugar  is  best  determined  by  Fehling's  solution  as 
described  elsewhere,  it  may  be  approximately  estimated  by  the  polari- 
scopc,  though  less  satisfactorily.  On  p.  508  a  method  is  given  for  the 
determination  of  levulosc  by  polariscopic  readings  at  two  different  tem- 
peratures. Since  invert  sugar  is  composed  of  equal  parts  by  weight 
of  dextrose  and  levulosc,  the  percentage  of  levulose  multiplied  by  2  would 
give  that  of  invert  sugar. 

SUGAR   DETERMINATION  BY  COPPER   REDUCTION. 

Various  convenient  methods  of  determining  sugars  depend  on  the 
readiness  w-ith  which  certain  of  them,  known  as  reducing  sugars,  act  on 
copper  salts,  especially  on  the  tartrate  of  copper,  reducing  it  to  cuprous 
o.xide. 

This  reducing  power  is  exercised  in  a  definite  degree  under  fixed 
conditions,  so  that  the  amount  of  reducing  sugar  present  may  be  accurately 
determined.  Of  the  common  sugars,  sucrose  is  the  only  one  that  has 
no  direct  reducing  action,  but  on  undergoing  inversion  it  is  converted 
into  reducing  sugars,  which  are  readily  determined. 

Use  of  Fehling's  Solution. — ^There  are  various  w^ll-known  mixtures 
of  copper  sulphate,  tartaric  acid  salts  (usually  RochcUc  salts  or  cream 
of  tartar),  and  alkalies,  called  after  chemists  who  have  employed  them 
in  the  delcrmination  of  the  reducing  sugars,  each  one  possessing  certain 
advantages,  but  none  have  become  so  widely  adopted  as  Fehling\s  solu- 
tion, the  use  of  whic  h  in  one  form  or  another  is  now  well-nigh  universal. 

There  are  a  number  of  methods  by  which  P'ehling's  solution  is  employed 
for  this  ])iiq)ose,  both  volumetric  and  gravimetric.  The  former  are 
simpler  and  cjuicker  of  manipulation,  and  thus  are  i)referable  for  com- 
mercial work  where  extreme  accuracy  is  not  required.  The  gravimetric 
methods  are  usually  considered  more  delicate  and  accurate,  calling  for 
less  skill,  but  more  time  in  arriving  at  results,  and  whh  less  of  the  "'  per- 
sonal element"  than  the  volumetric. 

Some  modifications  of  the  Fehling  method,  especially  as  carried  out 
gravimetrically,  differ  for  the  various  reducing  sugars  to  be  determined, 
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and  others  are  carried  out  alike,  so  far  as  manipulation  is  concerned,  whethei 
the  particular  sugar  to  be  determined  be  dextrose,  maltose,  or  lactose. 

While,  strictly  speaking,  the  reducing  power  of  dextrose,  levulose,  and 
invert  sugar  are  not  identical,  it  is  customary  in  commercial  work  to 
regard  them  as  such,  and  no  appreciable  error  arises  in  consequence 
except  in  extreme  cases.  Thus  the  term  "reducing  sugars"  is  com- 
monly applied  indiscriminately  to  dextrose,  levulose,  and  invert  sugar, 
the  same  factor  being  iised  in  calculating  either,  in  mixtures  wherein 
other  reducing  sugars,  as  lactose,  maltose,  etc.,  having  widely  different 
reducing  powers  are  absent. 

Fehling's  solution  b  made  up  in  two  separate  parts  as  follows: 

A.  Fehling's  Copper  Solution. — 34.639  grams  of  carefully  selected 
ci^-stals  of  pure  copper  sulphate  dbsolved  in  water  and  diluted  to  exacily 
500  cc. 

B.  Fehling's  Alkaiine  Tartrate  Solution. — 178  grams  Rochelle  salts 
and  50  grams  sodium  hydroxide  arc  dissolved  in  water  and  diluted  to 
exactly  500  cc. 

The  Fehling  solution  should  be  standardized  by  dbsolving  0.5  gram 
of  pure  anhydrous  dextrose  in  water,  and  diluting  to  exactly  100  cc.  10  cc. 
of  this  dextrose  solution  should  exactly  reduce  the  copper  in  10  cc.  of 
the  Fehling  (5  cc.  each  of  solutions  A  and  B)  when  conducted  according 
to  the  volumetric  process  described  below. 

Volumetric  Fehling  Process. — For  determining  dextrose,  le\-ulose,  or 
invert  sugar  in  a  raw  or  brown  sugar,  make  a  solution  of  the  sugar  of  such 
a  strength  that  an  accurately  weighed  amount  dissolved  in  water  and 
made  up  to  100  cc.  shall  contain  not  more  than  1%  of  the  reducing  sugar, 
as  nearly  as  can  be  guessed  at  with  reference  to  the  class  of  sugar  under 
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the  solution  reaches  the  dull-red  tint,  after  which  care  is  taken  to  add  a 
little  at  a  time,  keeping  account  of  the  total  amount  added.  If  the  flask 
be  removed  from  the  flame,  and  the  bright,  diffused  light  from  a  window 
viewed  through  the  solution  with  the  eye  on  a  level  with  the  surface,  a  thin 
film  scarcely  wider  than  a  line  will  be  observed  just  below  the  surface 
(see  Fig.  107),  which  is  blue  so  long  as  some  of  the  copper  in  the  solu- 
tion remains  unreduced.  WTien,  however,  all  the 
copper  has  been  reduced,  this  film  ceases  to  be 
blue  and  becomes  colorless  or  yeljow. 

If  the  film  is  not  at  once  apparent,  it  may  often 
be  made  quite  noticeable  by  simply  diluting  the 
solution  in  the  flask  with  water.  At  the  approach 
of  the  end- point  the  sugar-containing  solution 
should  be  added  a  ver)-  little  at  a  time.  The 
exact  end-point  is  best  arrived  at  by  decanting  a 
few  drops  of  the  mixture  in  the  flask  through  a 
filter,  acidifying  the  filtrate  with  acetic  acid,  and 
adding  a  drop  of  a  solution  of  ferrocyanide  of 
potassium.  As  long  as  there  is  unreduced  copper 
present,  a  precipitate  or  brown-red  coloration  will 
appear  when  the  ferrocyanide  Ls  added.  The 
sugar  solution  toward  the  end  should  be  added 
to  the  contents  in  the  flask  in  small  installments 
(say  half  a  cubic  centimeter  each  time),  boiling 
the  liquor  for  at  least  three  minutes  after  each 
addition,  until  no  brown-red  coloration  is  pro-  <^^i^- 
duced  by  adding  the  ferrocyanide  to  a  little  of  the  filtered  acidified  liquid. 
When  the  number  of  cubic  centimeters  of  sugar  solution  necessary'  to 
reduce  the  copper  has  thus  been  determined,  a  second  titration  should  be 
made  to  verify  the  first,  running  the  entire  amount  of  sugar-containing 
liquid  found  ncccssar}'  in  the  first  case  into  the  second  flask. 

The  ccjuivalcnts  of  10  cc.  of  Fehling's  solution  in  the  above  volumetric 
method  are,  in  terms  of  the  common  reducing  sugars,  as  follows: 


Fig.  107. — ^Flask  and  Con- 
tents used  in  Volumetric 
Fehling  Determinations. 
Showing  layer  just  be- 
neath the  surface,  the 
color  of  which  indicates 
the  end-point  in  adding 
the    sugar-containing    li- 


i  invert  sugar, 
0.05  gram  of  ^^   dextrose,  or 

(       levulose 

cane  sugar 
6.0475  gi'SLni  of  \    after  in- 
version 


will  reduce  10  cc.  Fehling's  solution. 


will  reduce  10  cc.  Fehling's  solution. 


4««  FOOD  INSPECTION  AND  ANALYSIS. 

0.0807  gram  of  maltose  will  reduce  10  cc.  Fehling's  solution. 

OJD67    gram  of  lactose     "       "         10  cc.        "  " 

Suppose,  for  example,  a  sample  of  brown  sugar  is  to  be  examined 
for  invert  sugar.  This  class  of  sugar  has  usually  from  2  to  6  per  cent 
of  invert  sugar.  Hence,  if  10  grams  of  the  sample  are  dissolved  in  100 
cc,  the  rcsultii^  solution  will  contain  not  more  than  1%  of  invert  sugar. 

Suppose  12.9  cc.  of  this  10%  sugar  solution  were  found  by  the  above 
process  to  reduce  10  cc.  of  Fehling's  solution. 

10  cc.  Fehling's  solution  are  equivalent  to  0.05  gram  invert  sugar. 

Therefore  12.9  cc.  of  the  sugar  solution  contain  0.05  gram  invert- 
sugar. 

100  cc.  sugar  solution  contain  10  grams  sample,  and  12.9  cc.  contaia 

1.29  grams  sample,  the  equivalent  of  0.05  gram  invert  sugar. 

0.0^  X 100 
Hence  percent  myert  sugar  = =3-9- 

Gravimetric  Fehlihg  processes. — In  determining  reducing  sugats 
by  gravimetric  processes,  a  measured  volume  of  the  sugar  solution  is 
allowed  to  act  upon  a  measured  volume  of  hot  Fehling's  solution  for  a 
fixed  time,  thus  forming  cuprous  oxide.  This  may  be  dried  and  weighed 
direct,  but  is  more  commonly  converted  either  into  cupric  oxide  by  ignition, 
or  into  metallic  copper  by  reduction  with  hydrogen  or  by  electrolvsis. 
In  any  case  the  sugar  is  calculated  from  the  weight  of  the  cuprous  oxide, 
the  cupric  oxide,  or  the  metallic  copper  {whichever  method  be  used)  bv 
the  employment  of  the  proper  factor,  or  by  the  use  of  tables  compiled 
for  the  purpose. 

Nate. — Much  difference  of  opinion  exists  as  to  the  best  and  most 
accurate  Fchling  gravimetric  method  to  employ.     For  the  determination 
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tables  adapted  for  them  all.  With  the  exception  of  Defren's  method 
and  tables,  the  author  knows  of  no  single  accurate  method  adapted  with- 
out modification  to  the  determination  of  the  various  reducing  sugars, 
since  in  using  the  tables  for  dextrose,  maltose,  and  lactose  compiled  by 
Allihn,  Wein,  and  Soxhlet,  the  method  employed  must  in  each  case  be 
carried  out  in  strict  accordance  to  the  minutest  details  adopted  by  each 
of  the  above  authorities,  and  they  are  by  no  means  uniform. 

The  Defren-O'Sullivan  Method.* — ^Mix  15  cc.  of  Fehling's  copper 
solution,  A  (p.  486),  with  15  cc.  of  the  tartrate  solution,  5,  in  a  quarter- 
liter  Ericnmeycr  flask,  and  add  50  cc.  of  distilled  water.  Place  the  flask 
and  its  contents  in  a  boiling  water  bath  and  allow  them  to  remain  tive 
minutes.  Then  run  rapidly  from  a  burette  into  the  hot  liquor  in  the 
flask  25  cc.  of  the  sugar  solution  to  be  tested  (which  should  contain  not 
more  than  one-half  per  cent  of  reducing  sugar).  Allow  the  flask  to  remain 
in  the  boiling  water  bath  just  fifteen  minutes  after  the  addition  of  the 
sugar  solution,  remove,  and  with  the  aid  of  a  vacuum  filter  the  contents 
rapidly  in  a  platinum  or  porcelain  Gooch  crucible  containing  a  layer 
of  prepared  asbestos  fiber  about  i  cm.  thick,  the  Gooch  with  the  asbestos 
having  been  previously  ignited,  cooled,  and  weighed.  The  cuprous 
oxide  precipitate  is  thoroughly  washed  with  boiling  distilled  water  till 
the  water  ceases  to  be  alkaline. 

The  asbestos  used  should  be  of  the  long-fibered  variety,  and  should 
be  specially  prepared  as  follows:  Boil  first  with  nitric  acid  (specific 
gravity  1.05  to  i.io),  washing  out  the  acid  with  hot  water,  then  boil  with 
a  2^%  solution  of  sodium  hydroxide,  and  finally  wash  out  the  alkali  with 
hot  water.  Keep  the  asbestos  in  a  wide-mouthed  flask  or  bottle,  and 
transfer  it  to  the  Gooch  by  shaking  it  up  in  the  water  and  pouring  it 
quickly  into  the  crucible  while  under  suction. 

Drv'  the  Gooch  with  its  contents  in  the  oven,  and  finallv  heat  to  dull 
redness  for  fifteen  minutes,  during  which  the  red  cuprous  oxide  is  con- 
verted into  the  black  cupric  oxide.  If  a  platinum  Gooch  is  used  (and 
this  variety  is  preferred  by  the  writer),  it  may  be  heated  directly  over 
the  low  tlame  of  a  burner.  If  ihe  Gooch  is  of  porcelain,  considerable 
care  must  be  taken  to  avoid  cracking  the  crucible,  the  heat  being  increased 
cautiously  and  tlie  operation  j)referably  conducted  in  a  radiator  or  mullle. 
After  oxidation  as  above,  the  crucible  is  transferred  to  a  desiccator,  cooled, 
and  quickly  weighed.  From  the  milligrams  of  cupric  oxide,  calculate 
the  milligrams  of  dextrose  from  the  following  table: 

♦Jour.  Am.  Clu-m.  Soc.  18  (1896),  p.  749,  and  Tech.  Quart.  10  (1897),  p.  167. 


FOOD  INSPECTION  AND  ANALYSIS. 


DEFREN'S  TABLE  FOR  THE 

DETERMINATION  OF  DEXTROSE,  MALTOSE, 

AND  LACTOSE. 
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DEFREN'S  TABLE  FOR  THE  DETERMINATION  OF  DEXTROSE,  MALTOSE, 

AND  LACTOSE— (C<wf/mu«i). 
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Allihn's  Method  for  the  Determination  of  Dextrose.* — Place  30  cc. 
of  Fehling's  copper  solution,  30  cc.  of  the  alkaline  tartrate  solution, 
and  60  cc.  of  water  in  a  beaker  and  heat  to  boiling.  Add  25  cc.  of  the 
sugar  solution,  which  must  be  so  prepared  as  not  to  contain  more  than  1% 
dextrose,  and  boil  over  the  flame  for  two  minutes.  Filter  immediately 
without  diluting  through  a  Gooch  crucible  containing  a  layer  of  asbes- 
tos fiber,  prepared  as  described  on  page  489,  and  wash  thoroughly  \\ith  hot 
water,  using  reduced  pressure.  Transfer  the  asbestos  fiber  and  the  adher- 
ing cuprous  oxide  by  means  of  a  glass  rod  to  a  beaker  and  rinse  the  cru- 
cible with  about  30  cc.  of  a  boiling  mixture  of  dilute  sulphuric  and  nitric 
acids  containing  65  cc.  of  sulphuric  acid  (specific  gravity  1.84)  and  50  cc. 
of  nitric  acid  (specific  gravity  1.42)  per  liter.  Heat  and  agitate  till  the 
soUuion  is  complete,  then  filler  into  a  scrupulously  clean,  tared  platinum 
dish  of  100  cc.  capacity,  taking  care  to  wash  out  all  the  copper  solution 
from  the  filler  into  the  dish.  Deposit  the  copper  electrolytically  in  the 
platinum  dish  and  weigh.  Determine  the  dextrose  from  Allihn's  table, 
p.  494. 

Or,  the  metallic  copper  may  be  calculated  by  means  of  the  factor 
0.7986  from  the  cupric  oxide  obtained  as  in  Defren's  method  (p.  489) 
and  Allihn's  table  used. 

Or,  the  cuprous  oxide  as  directly  obtained  by  either  Allihn's  or  Def  ren's 
method  may  be  washed  with  alcohol  and  ether,  dried  for  twenty  minutes 
at  100°  C,  and  weighed,  its  equivalent  in  dextrose  being  ascertained  from 
Allihn's  table. 

Electrolytic  Apparatus. — ^The  author  has  devised  the  apparatus  shown 
in  Fig.  108  for  the  electrolytic  deposition  of  copper  in  sugar  analysis  and  for 
other  work  of  like  nature.  A,  Fig.  109,  is  a  hard-nibl)er  ])lale  50  cm. 
long  and  25  cm.  wide  provided  with  four  insulated  metal  binding  posts,  B, 
each  carrying  at  the  top  a  thumb  screw  by  which  a  coiled  ])latinum  wire 
electrode,  C,  may  be  attached.  In  front  of  each  })ost  is  a  cop])er  ])late 
about  4  cm.  sciuare  covered  with  thin  platinum  foil,  P,  which  is  bent 
around  the  edges  of  the  c()p])er  ])lale  and  so  held  in  })lace,  tlie  copper  plate 
being  screwed  to  the  rubber  from  beneath.  On  the  scpiare  phitinum- 
covered  plate  is  set  the  ])latinum  evaporating-dish  which  holds  the  solu- 
tion from  which  the  coj)j)er  is  to  be  deposited,  the  inside  of  the  dish  form- 
ing the  cathode,  while  the  electrode  C,  dipping  below  the  surface  of  the 
solution,  forms  the  anode.  In  front  of  each  platinum-covered  plate 
is  a  switch,  5,  and  at  either  end  of  the  hard-rubber  plate  is  a  binding 

*  Jour,  fiir  praktische  Chemie,  22  (1880),  p.  46. 
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ALLIHN'S  TABLE  FOR  THE  DETERMTNATION  OF  DEXTROSE— (C<m/fnt«f(f). 
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post,  R,  for  ('onncclion  with  the  electric  current.  The  wiring,  which 
is  on  the  under  .side  of  the  rubber  plate,  is  best  illustrated  by  the  diagram 
in  Fig.  log. 

Four  determinations  may  be  carried  on  simultaneously  in  four  plat- 
inum dishes,  if  desired,  the  wiring  and  the  switches  being  so  arranged 
that  beginning  at  one  end  of  the  plate  either  the  first  dish  or  the  first 
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two  or  the  first  three  may  be  thrown  in  or  out  of  circuit  at  will  without 
interrupting  the  current  through  the  remaining  dishes.  A  cover  with 
wooden  sides  and  glass  top  fits  closely  over  the  whole  apparatus  as  a 
protection  from  dust,  but  may  be  easily  lifted  off  to  manipulate  the 
dishes  when  desired.  The  sides  of  the  cover  are  perforated  to  permit 
the  escape  of  the  gas  formed  during  the  electrolysis. 

The  ordinary  street  current  is  used  when  available,  and  the  strength 
of  the  current  may  be  varied  within  wide  limits  by  means  of  a  number 
of  1 6  or  32  candle-power  lamps,  K,  coupled  in  multiple,  and  a  rheostat, 
L,  consisting  of  a  vertical  glass  tube  sealed  at  the  bottom,  containing  a 
column  of  dilute  acid,  the  resistance  being  changed  by  var}-ing  the  length 
of  the  acid  column  contained  between  the  two  platinum  terminals  immersed 
therein,  one  of  which  is  movable.  A  gravity  battery  of  four  cells  may 
be  employed  if  the  laborator}'  is  not  equipped  with  electric  lights. 

In  using  this  apparatus  for  determining  copper,  as  in  sugar  work, 
the  plating  process  should  go  on  till  all  the  copper  is  deposited,  requiring 
several  hours  or  over  night  with  a  current  strength  of  about  0.25  ampere. 
Before  stopping  the  process,  the  absence  of  copper  in  the  solution  should 
be  proved  by  removing  a  few  drops  with  a  pipette,  adding  first  ammonia, 
then  acetic  acid,  and  testing  with  ferrocyanide  of  potassium.  If  no 
brown  coloration  is  produced,  all  the  copper  has  been  plated  out.  Throw 
the  dish  out  of  circuit  by  means  of  the  switch,  pour  out  the  acid  solution 
quickly  before  it  has  a  chance  to  dissolve  any  of  the  copper,  wash  the 
dish  first  with  water  and  then  with  alcohol,  dry,  and  weigh. 

The  copper  may  be  removed  from  the  platinum  dish  by  strong  nitric 
acid. 

Determination  of  Sucrose  by  Fehling's  Solution.* — If  a  polariscope  is 
not  available,  cane  sugar  can  be  determined  as  follows ;  First  determine  the 
percentage  of  invert  sugar  present  in  the  sample  by  one  of  the  Fehling 
methods  already  described.  Then  dissolve  i  gram  of  the  sugar  in  about 
100  cc.  of  water  in  a  500-cc.  graduated  flask,  add  3  cc.  of  concentrated 
hydrochloric  acid  and  invert  by  heating  in  water  to  68°  and  cooling  in  the 
regular  manner.  Neutralize  with  sodium  hydroxide  or  sodium  carbonate, 
and  make  uj)  to  the  mark  with  water.  Determine  the  per  cent  of  total 
reducing  sugar  as  invert  sugar  either  by  the  volumetric  or  gravimetric 
Fehling  process.  Subtract  the  invert  sugar  found  present  in  the  sugar  by 
direct  determination  from  the  total  found  present  after  inversion,  and 


*  Tucker,  Manual  of  Sugar  Axudysis,  p.  i8a. 
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the  remainder  is  the  invert  sugar  due  to  cane  sugar.  This  figure  multi- 
plied by  0.95  gives  the  percentage  of  cane  sugar. 

For  the  determination  of  sucrose  by  the  gravimetric  Fehling  process  on 
the  inverted  sanq>le,  multiply  the  cupric  oxide  (CuO)  by  the  factor  0.4307, 
or  the  copper  (Cu)  by  the  factor  0.5394. 

Test  for  Ultramarine  in  Sugar.* — A  large  amount  of  the  sugar  is 
dissolved  in  water  and  the  coloring  matter  b  allowed  to  settle  out,  wash- 
ing the  residue  several  times  by  decantation.  On  treatment  with  hydro- 
chloric acid,  the  blue  color  is  discharged  if  due  to  ultramarine. 

Analy^  of  Molasses  and  Syrups. — First  insure  a  pcrfe^rtly  homo- 
geneous sample  by  stirring  with  a  rod  to  evenly  distribute  any  separated 
sugar. 

Detenninatioa  of  Total  Solids.  —  (i)  Direct  Method.  —  Weigh  20 
grams  into  a  loo-cc.  graduated  flask,  dissolve  in  water,  and  make  up  to 
the  mark.  Insure  a  uniform  solution  by  shaking.  Measure  10  cc.  of 
this  solution  into  a  tared  platinum  dish  containing  about  5  grams  of 
freshly  ignited,  finely  divided  asbestos  fiber,  and  dry  to  constant  weight 
at  70°  in  vacuo,  or  in  a  McGill  oven  (see  p.  481). 

(2)  By  Calculation  jrom  Specific  Gravity. — Weigh  25  grams  of  the 
sample  into  a  loo-cc.  graduated  0ask,  dissolve  in  water,  and  make  up 
to  the  mark.  Determine  the  specific  gravity  of  the  diluted  solution  by 
means  of  a  pycnometcr  or  Weslphal  balance.  Ascertain  from  the  accom- 
panying table  the  percentage  by  weight  of  solids  (sugar)  corresponding 
to  the  specific  gravity  of  the  diluted  solution,  and  calculate  the  total  solids 
in  the  original  sample  by  the  formula 

Solids  in  original  sample  =  41)5, 
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RELATION  OF.BRIX,  SPECIFIC  GRAVITY,  AND  BAUME. 
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RELATION  OF  BRIX,  SPECIHC  GRAVITY,  AND  BAUME— (Condni^). 
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polarizing  in  a  loo-mm.  tube  (half  the  standard  length)  and  multiplying 
the  reading  by  2,  The  clarifier  best  adapted  as  a  rule  for  molasses  and 
golden  syrup  is  subacetate  of  lead.* 

The  Process. — ^The  normal  weight,  26.048  grams,  of  the  nwlasses  pr 
syrup  k  dissolved  in  water  in  a  loo-cc.  fiask,  and  in  the  case  of  molasses  and 
"golden,"  or  "drip"  syrup,  sufficient  subacetate  of  lead  solution  is  added 
to  precipitate  the  coloring  matter.  From  5  to  10  cc.  of  the  clarifier 
usually  suffice.  The  Hask  is  then  filled  to  the  mark  with  water  and  the 
contents  shaken  thoroughly  and  filtered.  If  on  account  of  air  bubbles 
it  is  difficult  to  make  up  to  the  mark,  the  bubbles  may  usually  be  dis- 
pelled by  a  drop  of  ether.     With  maple  syrup  no  clariiier  is,  as  a  rule. 
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dear  the  solution,  if  the  turbidity  is  due  to  carbonate.  If  cloudiness  in 
the  filtrate  persists,  weigh  out  a  fresh  portion  of  the  sample,  dilute,  and 
add  first  the  lead  subacetate  solution,  and  afterwards  enough  of  a  strong 
solution  of  sodium  sulphate  or  common  salt  to  precipitate  the  excess  of 
lead;  then  fill  to  the  mark  and  filter.  Polarize,  and  conduct  the  inver- 
sion as  directed  on  p.  483,  using,  however,  a  loo-mm.  tube,  and  multi- 
plying the  reading  by  2,  both  direct  and  invert.*  Use  Clerget's  formula 
for  calculation  of  the  sucrose. 

For  medium-  or  light-colored  grades  of  molasses,  which  yield  but 
a  small  precipitate  with  lead  subacetate,  the  above  method  of  simple 
polarization,  both  direct  and  invert,  gives  results  sufficiently  accurate  for 
ordinary  work.  For  dark-colored,  or  ** black-strap''  molasses,  or  wherever 
extreme  accuracy  is  required,  the  double  dilution  method  of  Wiley  should 
be  employed,  which  makes  due  allowance  for  the  volume  of  the  pre- 
cipitate. 

Double  Dilution  Method,^ — ^Take  half  the  normal  weight  of  the  sample 
and  make  up  the  solution  to  100  cc,  using  the  appropriate  clarifier.  Take 
the  normal  weight  of  the  sample  and  make  up  a  second  solution  with  the 
clarifier  to  100  cc.  Filter  and  obtain  direct  polariscopic  readings  of 
both  solutions.  Invert  each  in  the  usual  manner  and  obtain  the  invert 
reading  of  the  two. 

The  true  direct  polarization  of  the  sample  is  the  product  of  the  two 
direct  readings  divided  by  their  difference.  The  true  invert  polariza- 
tion is  the  product  of  the  two  invert  readings  divided  by  their  difference. 

Determination  of  Raffinose  in  Beet  Sugar  Molasses. — For  the  deter- 
mination of  sucrose  and  raffinose  when  present  in  the  same  solution,  use 
the  following  formulas  of  Clerget :  % 

Sucrose  = 5 (i) 

0.827  ^  ^ 

and 

a—S 
Raflmose  =  — 5—, (2) 

1.05 

where  a  =  direct  reading,  C  =  the  algebraic  sum  of  the  direct  and  invert 
reading,  and  5-  per  cent  of  sucrose. 

*  The  short  tuln*  (100  mm.)  is  preferred  for  polarizing  molasses,  not  only  on  account  of 
the  more  or  less  deep  color  of  the  clarified  solution,  but  also  because  a  molasses  sample  con- 
taining considerable  commercial  glucose  would  not  read  within  the  scale  limits,  if  the  200-mm. 
tube  were  employed. 

t  Wiley  and  Elwell,  Analyst,  1896,  21,  p.  184. 

X  Spencer,  Handbook  for  Chemists  of  Beet  Sugar  Houses  and  Seed-culture  Farms. 
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Davoll  *  recommends  for  purposes  of  clari&cation  of  the  moksses  the 
use  of  powdered  zinc  after  inversion  of  the  molasses  sample  according  to 
Clerget's  method.  He  adds  i  gram  of  the  zinc  to  the  sample  after  in- 
version while  at  the  temperature  of  69°  C,  allowing  it  to  act  for  three  to 
fo.  r  minutes  at  that  temperature,  after  which  he  cools  and  filters,  with 
the  production  of  an  almost  colorless  solution. 

Detenuination  of  Reducing  Sugar. — {Estimated  as  Dextrose.) — Dilute 
5  grams  of  molasses  or  syrup  with  water  in  a  loo-cc.  graduated  flask, 
using  2  to  5  cc.  of  subacetate  of  lead  solution.  Make  up  to  100  cc, 
filter,  take  an  aliquot  part  of  the  filtrate  (ag  to  50  cc.)  and  make  this 
up  to  100  cc.,  the  amount  taken  being  such  that,  when  diluted,  the  solu- 
tion will  contain  not  more  than  \%  of  dextrose.  If  lead  subacetate  has 
been  used  to  clarify,  add  to  the  aliquot  part  taken  and  before  dilution, 
enough  sodium  sulphate  to  precipitate  the  excess  of  lead,  then  filter 
and  make  up  to  the  100  cc.  mark. 

Determine  the  reducing  sugar  in  this  solution  by  eithc  volumetric 
or  gravimetric  Fehling  processes, 

U.  S.  Standard  Molasses  is  molasses  containing  not  more  than  25% 
of  water,  nor  more  than  5%  of  ash. 

Adulteration  of  Molasses  and  Syrups. — A  common  adulterant  of  all 
these  products  is  commercial  glucose.  From  its  water-while  color  and 
inert  sweetness,  no  less  than  from  its  cheapness,  it  forms  an  admirat>le 
adulterant  for  dark-colored  or  low-grade  molasses  and  symps,  counter- 
acting to  a  great  extent  by  its  smoothness  the  strong  and  ofit-n  disagree- 
able lastc  of  the  inferior  ]»roducls  with  which  it  is  mixed.  Thus  a  gra<le 
of  molasses  too  cheap  to  be  ordinarily  used  for  food  purfioses  can  be 
made  to  assume  the  appearance,  and  to  some  extent  the  taste,  of  the 
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or  absence  of  commercial  glucose  can  usually  be  established.  The  direct 
polarization  of  a  normal  solution  of  pure  molasses  should  not  be  much  in 
excess  of  50°  on  the  Soleil-Ventzke  scale,  while  a  pure,  dark-colored  molas- 
ses should  polarize  well  imder  40^.  Golden  syrup  and  maple  syrup 
read  higher  than  molasses,  and  a  normal  solution  of  pure  maple  syrup 
may  have  a  direct  polarization  as  high  as  65°,  being  more  often  than  not 
above  60°. 

An  excessively  high  direct  polarization  is  at  once  an  indication  of 
the  i)rcsencc  of  commercial  glucose,  while  an  invert  reading  at  ordinary 
room  temperature  to  the  right  of  the  zero-point  is  an  almost  positive 
proof  of  its  presence  in  cither  of  the  above  products. 

The  oj)lically  active  constituents  of  commercial  glucose,  viz.,  dextrin, 
maltose,  and  dextrose,  are  present  in  such  varying  amounts,  that  it  is 
impossible  to  determine  accurately  the  exact  amount  of  this  adulterant 
in  complex  saccharine  products  which  themselves  contain  components 
common  to  glucose.  Its  approximate  amount  can,  however,  be  very 
satisfactorily  estimated  in  molasses  and  syrups  by  the  use  of  the  follow- 
ing formula: 

^_(fl-5)ioo^ 
175      ' 

where  G=per  cent  of  commercial  glucose,  a = direct  polarization,  and 
5  =  per  cent  of  cane  sugar  previously  obtained  from  the  Clerget  formula 
(p.  483).  A  large  amount  of  invert  sugar  present  affects  the  accuracy 
of  this  formula.  It  is  csi)ccially  applicable  to  maple  syrup,  wherein  the 
per  cent  of  invert  sugar  is  small,  but  may  be  applied  also  to  molasses 
and  golden  syru]),  wherein  the  amount  of  invert  sugar  is  not  ^o  large 
but  that  results  may  be  obtained  generally  within  2  or  3^^,  of  the 
truth.f 

In  saccharine  products  containing  considerable  invert  sugar  the 
method  described  on  ])age  514  sliould  be  used. 


*  Lf.'uli,  T'.  S.  T)rpt.  of  Af^rir.,  Bur.  of  Chem.,  Bui.  65,  p.  4S. 

t  Thr  ^radc  of  ^luiosr  (oinmonly  rmi)loyccl  by  molasses  and  syru|>  manufactun^rs  for 
admixture  with  lh«ir  prodvK  ts,  is  the  42'^-Bc.  variety.  A  grade  of  greater  <lensily  (ould  evi- 
denlly  not  be  used  directly,  sirue  it  would  not  readily  flow.  Indeed  this  grade  (42^^  Be.) 
is  sometimes  liiinne<l  by  water  before  mixing  with  the  thinner  syrui>s.  The  factor  175  is  the 
one  selected,  1k(  ause  this  is  about  the  maximum  polarization  of  the  42°-ne.  grade,  and  it 
is  right  to  give  the  benefit  of  any  reasonable  doubt  to  the  manufacturer. 

For  the  sake  of  greater  precision  the  result  might  well  be  expressed  **in  terms  of  coni- 
mercial  glucose  polarizing  at  175°.** 
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Determination  of  Dextrin.  —  According  to  Beckman's  method  a 
weighed  amount  of  the  honey  or  molasses  is  diluted  with  an  equal  volume 
of  water  and  from  ten  to  twelve  times  its  volume  of  methyl  alcohol  is 
added.  The  precipitated  dextrin  is  collected  in  a  tared  filter  and  thor. 
oughly  washed  with  methyl  alcohol,  after  which  it  is  dried  and  weighed. 

Redaction  of  Saccharine  Producta  to  an  Ash  for  Mineral  Analysis. 
— If  a  considerable  quantity  of  molasses,  syrup,  or  other  saccharine  sub- 
stance is  to  be  burnt  to  an  ash,  it  is  both  tedious  and  annoying  to  ignite 
directly,  by  reason  of  the  excessive  swelling  and  frothing  of  such  substances 
during  ignition.  Small  quantities  of  molasses,  syrup,  or  honey  may  with 
care  be  reduced  to  an  ash  by  the  method  described  on  page  481. 

If  a  readily  controlled  electric  current  b  available,  it  may  be  utilized 
as  follows:*   Mix   100  grams  cf   molasses,  syrup,  or  other  saccharine 
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the  mass  is  reduced  to  a  fine,  dry  char,  which  may  then  be  readily  burnt 
to  a  white  ash  m  the  original  dish  over  a  free  flame  or  in  a  muffle. 

Or,  IOC  grams  of  the  molasses  or  syrupy  solution  to  be  ashed  may 
be  first  evaporated  to  dryness  and  afterward  mixed  with  from  lo  to  20  cc. 
of  concentrated  sulphuric  acid  in  a  porcelain  evaporating-dish,  or  if  the 
substance  to  be  ashed  be  a  dry  sugar  or  confectioner)',  20  grams  are 
mixed  with  the  above  amount  of  acid.  Heat  is  gently  applied  by  means 
of  the  gas  flame  till  the  swelling  and  frothing  have  ceased,  which  usually 
requires  only  a  few  minutes.  The  final  ignition  is  then  accomplished 
in  the  usual  manner,  nitric  acid  being  added  if  necessary  to  completely 
destroy  the  organic  matter. 

Determination  of  Tin  ft^  Molasses. — Fuse  the  ash  from  a  weighed 
portion  of  the  sample  witn  sodium  hydroxide  in  a  silver  crucible,  dis- 
solve in  water,  and  acidulate  with  hydrochloric  acid;  filter  and  precipi- 
tate the  tin  from  this  solution  with  hydrogen  sulphide;  wash  the  pre- 
cipitate on  a  filter  and  dissolve  it  in  an  excess  of  ammonium  sulphide. 
Filter  this  solution  into  a  tared  platinum  dish,  and  deposit  the  tin  directly 
in  the  dish  by  electrolysis,  using  a  current  of  0.05  ampere  and  the  appa- 
ratus described  on  page  493. 

Distinction  between  Invert  Sugar,  Maltose,  and  Lactose.* — ^All  these 
sugars  reduce  Fehling's  solution.  Dextrose  and  levulose  (invert  sugar) 
when  boiled  with  Barfoed's  copper  acetate  solution  (14  grams  crystal- 
lized copper  acetate  and  5  cc.  acetic  acid  in  200  cc.  water)  will  form 
a  precipitate  of  cuprous  oxide,  while  neither  maltose  nor  lactose  will 
do  this.  The  solution,  which  has  thus  been  tested  for  invert  sugar  and 
found  to  be  free,  or  the  filtrate  from  the  cuprous  oxide  precipitate,  is 
treated  with  an  excess  of  basic  lead  acetate,  filtered,  and  to  the  filtrate 
is  added  an  excess  of  sodium  sulphate  solution  to  precipitate  the  lead. 
The  solution  is  again  filiercd  and  treated  with  copper  sulphate  solution, 
if  not  already  ])lue.  It  is  then  made  alkaline  with  sodium  hydroxide 
and  heated  to  boiling.  A  red  precipitate  of  cuprous  oxide  at  this  stage 
indicates  either  lactose  or  maltose  or  both. 

A  solution  of  the  sugar,  made  strongly  ammoniacal,  is  then  mixed 
with  alkaline  Insmuth  solution  f  and  the  container  is  set  in  a  water- 
bath  at  60°  C.     Maltose  soon  reduces  the  bismuth,  but  lactose  does  not, 

To  test  for  lactose,  add  strong  nitric  acid  to  the  solid  sugar  residue 

*  Bartley  and  Mayer,  Merck's  Report,  12  (1903),  p.  100. 

t  This  reagent  is  prepared  as  follows:    Bismuth  subnitrate,  2  grams;    Rochelle  salt*  4 
grams;  sodium  hydroxide,  8  grams;  dissolved  in  100  cc  of  water  by  the  aid  of  heat. 


So8  FOOD  INSPECTION  AND  ANALYSIS. 

and  warm  gently  till  red  fumes  come  off.  Then  set  the  container  in  hot 
water  and  cool  gradually.  Crystals  of  mucic  acid  appear  after  a  time 
if  any  appreciable  amount  of  lactose  be  present. 

Determination  of  Lactose  or  Blaltose. — Either  sugar,  if  in  solution 
free  from  other  reducing  sugars,  may  be  determined  by  the  volumetric 
Fehling  method  (p.  486)  or  by  the  Defren  method,  using  the  table  on 
page  490- 

For  thy  determination  of  maltose  in  commercial  glucose,  see  page  509. 

Estimation  of  Cane  Sugar  and  Dextrose  in  Mixtures. — Obtain  true 
direct  and  invert  readings  of  a  normal  solution  of  the  mixture.  Deter- 
mine the  per  cent  of  sucrose  by  Qeiget's  formula  (p.  483).  This  figure 
represents  the  right-handed  rotation  dueA  sucrose.  Subtracting  this 
from  the  direct  polarization,  the  difference  represents  the  right-handed 
rotation  due  to  dextrose.  The  specific  rotary  power  of  sucrose  is  66.5 
and  that  of  dextrose  52.3- 

Calling  d  the  percent^e  of  dextrose  and  R'  the  right-handed  rota- 
tion due  to  dextrose  as  above  obtained,  if  the  SoleiUVentzke  scale  is  used, 

66.5:52. 3  =  rf:J!', 
whence 

52-3 

Determination  of  Levulose.* — On  page  484  attention  was  called  to 
the  variation  in  the  rotarj-  power  of  Icvulose  with  the  temperature.  This 
variation  is  constant,  and  i  gram  of  levulose  in  loocc.of  water  produces 
a  decrease  iq  left-handed  reading  of  0.0357°  on  the  cane  sugar  (Venizkc) 
scale   for   each    1°  C.   increase   in   temperature.     Therefore,   the   WL'ight 
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If  L'= percentage  of  levulose, 

L= weight  of  levulose  in  solution, 

W= weight  of  sugar  sample  made  up  to  100  cc, 

LXioo 
L ^^' 

In  a  normal  solution  1^  =  26.048. 

Analysis  of  Commercial  Glucose. — ^Wiley  *  has  worked  out  a  method 
for  calculating  the  percentage  of  dextrin,  maltose,  and  dextrose  present 
in  commercial  glucose,  leased  on  the  specific  rolar\'  power  of  these  sub- 
stances and  on  the  relative  reducing  power  of  maltose  and  dextrose. 
To  a])])ly  this  method,  the  o]:)crator,  if  he  has  a  polariscope  reading  in 
sugar  scale  degrees,  must  ascertain  the  equivalent  readings  in  angular 
degrees  from  the  table  on  page  478,  and  calculate  the  specific  rotary  power 

in  each  case  from  the  formula  (a)z?  =  — r-,  page  479. 

Thus,  if  he  possesses  a  Schmidt  and  Haensch  instrument,  he  should 
multiply  the  true  reading,  as  obtained  on  that  instrument,  with  a  normal 
solution  of  the  given  sugar  or  mixture,  by  the  factor  0.3468,  to  convert 
the  reading  into  circular  degrees  from  which  to  figure  the  specific  rotary 
power  as  above. 

The  specific  rotary  power  of  dextrin  is  fixed  at  193,  that  of  maltose 
138,  and  that  of  dextrose  at  53. 

Then  if  P  =  total  polarization  of  the  mixture  in  terms  of  specific 
rotar}'  power,  (/  =  per  cent  dextrose,  nt=»per  cent  maltose,  and  J'=»per 
cent  dextrin, 

^  =  53^+138^+193^' •     (I) 

The  value  of  P  is  obtained  from  observation  and  calculation  as  above 
dcscri])ed  on  a  known  solution  of  the  sample,  say  10  grams  in  100  cc. 
The  reducing  sugars,  maltose  and  dextrose,  are  then  removed,  prcfer- 
ablv  bv  oxidiition  with  cvanide  of  mercun',  as  follows  rt 

Prepare  the  reagent  ])y  dissolving  120  grams  mercuric  cyanide  and 
120  grams  sodium  hydroxide  in  water,  mixing  the  two  solutions,  and 
making  up  to  1,000  cc.  Remove  any  precipitate  that  may  gather  by 
filtration. 

Make  a  solution  of  10  grams  of  the  glucose  sample  in  100  cc.  and 
take  10  cc.  of   this  solution  in  a  50-cc.  graduated  flask.     Add  sufficient 

*  Chom.  News,  46,  p.  175;    Agric.  /VnaL,  3,  pp.  288-290. 
t  Wiley,  Agric.  Analysis,  p.  290. 
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mercuric  cyanide  solution  to  have  an  excess  of  reagent  after  the  oxidation 
(from  20  to  25  cc),  and  boil  for  three  minutes  under  a  hood  with  a  good 
draft.  Cool  and  neutralize  the  alkali  with  concentrated  hydrochloric 
acid,  adding  the  latter  till  the  brown  color  is  discharged.  By  this  method 
the  optical  activity  of  the  maltose  and  dextrose  is  discharged,  while  that 
of  the  dextrin  remains  unaffected.  From  the  polariscope  reading  cal- 
culate as  above  the  specific  rotary  power  of  the  dextrin  (f).      Then 

f-193'i' w 

The  reducing  power  on  Fehling's  solution  of  dextrose  is  to  that  oi 
maltose  as  100  is  to  62.  Whence,  if  Ji  =  reducing  sugar  (reckoned  as 
dextrose)  we  have 

R=d-\-o.t2m (3) 

Subtracting  equation  (2)  from  equation  (r)  we  have 

P-P'  =  Sid^ii,&m (4) 

Multiplying  equation  (3)  by  53  and  subtracting  from  equation  (4), 

P-P'  =  S3d+r38m, 
53  J?'=53'^+  32.86m, 

/>-P'-S3R  =  io5.r4w (5) 

Therefore 

m- 5.^, (6) 

105.14      '  ^  ' 

d- J!— 0.62m, (7) 

P' 

d'  =  — (8) 


SUG/1R  /1ND  SACCHARINE  PRODUCTS.  511 

Arsenic  in  Commercial  Glucose. — ^Like  all  products  wherein  commer- 
cial sulphuric  acid  is  employed  in  its  manufacture,  glucose  sometimes 
contains  arsenic,  though  usually  in  minute  traces.  Arsenic  is  readily 
indicated,  when  present,  by  the  Gutzeit  test,  conducted  as  follows:  2 
grams  of  the  sample  are  introduced  into  a  small  Erlenmcyer  flask  of  about 
100  cc.  capacity,  and  diluted  with  5  to  10  cc.  of  water.  Scraps  of  arsenic- 
free,  granulated  zinc  are  then  added.  A  small  filter-paper  is  carefully 
folded  smoothly  around  the  bottom  of  a  cork  that  loosely  fits  the  mouth 
of  the  flask,  and  is  moistened  with  a  concentrated  solution  of  mercuric 
chloride.  From  6  to  8  cc.  of  arsenic-free  concentrated  hydrochloric  * 
or  sulphuric  acid  are  then  added  to  the  flask,  so  as  to  produce  rapid,  but 
not  too  violent  evolution  of  gas,  and  the  cork  is  loosely  inserted. 

After  ten  minutes  the  cork  is  removed,  and,  if  a  yellow  stain  is  present 
on  the  filter,  arsenic  is  indicated.  The  amount  of  arsenic  present  varies 
with  the  depth  of  color,  and  if  a  large  amount  is  present  the  stain  may 
be  dark  brown  or  even  black. 

Sulphides  interfere  with  the  Gutzeit  test,  but  are  rarely  present  in 
commercial  glucose.  Unless  sure  of  the  purity  of  the  reagents  it  is  well 
to  make  a  blank  test  thereon.  In  such  a  blank,  the  filter  should  be  per- 
fectly white  after  ten  minutes. 

The  amount  of  arsenic  may  be  roughly  determined  colorimetrically 
bv  the  Gutzeit  method. 

For  more  careful  determination,  employ  the  Marsh  apparatus,  into 
which  the  diluted  glucose  may  be  directly  introduced  without  previous 
treatment, 

HONEY. 

Composition  and  Occurrence. — Honey  is  the  saccharine  product 
(lej)osite(l  by  the  bee  (Apis  j)iellifica)  in  the  cells  of  honeycomb,  which 
the  insect  forms  out  of  wax  secreted  by  its  body.  Honey  has  its  source 
chiefly  in  the  nectaries  of  llowcrs,  from  which  the  bees  abstract  il.  The 
ji  ices  of  ri])e  fruits  and  the  sap  of  trees  also  furnish  honey.  During 
the  secretion  of  the  honey  in  the  body  of  the  bee,  the  sucrose,  which  forms 
the  chief  constitueut  of  the  fruit  juice  or  nectar,  becomes  for  the  most 
part  inverted,  forming,  in  tne  honey,  dextrose  and  levulose. 

The  flavor  of  honey  varies  considerably  according  to  its  source. 
Besides  water,  the  sugars,  and  mineral  matters,  pollen  is  usually  i)resent, 

♦  Hydrochloric  acid  is  better  than  sulphuric  add,  as  the  action  is  much  more  brisk  with 
pure  zinc. 
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derived  from  the  flowerS,  also  as  a  rule  a  small  quantity  of  wax,  and 
nearly  always  appreciable  amounts  of  various  organic  acids,  such  as 
formic. 

A  large  number  of  samples  of  genuine  honey  analyzed  in  1897  for 
the  Department  of  Inland  Revenue,  Canada  (Bui.  47),  showed  the  follow- 
ing variations: 

Direct  polarization —   2.4  to  —19 

Invert          "        —10.2  "  —28 

Sucrose  (by  Clerget) 0.5%  "          7.64% 

Invert  sugar 60.37%  "        78-8% 

Water 12%  "        33% 

Ash 0.03%  "          0.50% 


!  typical  analyses  of  honey  adulterated  with  cane 


The  following  < 
sugar : 

A. 
Direct  polarization. .  ..   +34-7 

Invert  "  —24 

Temperature 14° 

Sucrose  (Clerget) 43 .  16% 

Invert  svgar 42.48% 

Water 42.42% 

Ash 

The  following  are  typical  analyses  of  honey  adulterated  with  cotn- 
mercial  glucose: 


17.6 

-21.5 

■5° 

19.5° 

„.8% 

17.07% 

60.03% 

67.2% 

21-15% 

■5.56% 

•■■% 

0.06% 
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In  the  case  of  comb  honey,  cut  with  a  knife  across  the  top  of  the  comb, 
if  sealed,  and  separate  completely  from  the  comb  by  straining  through 
a  40-mesh  sieve. 

Water  and  Ash  are  determined  as  directed  on  page  498  in  the  case  of 
molasses  and  syrup. 

For  polarization  of  honey  both  direct  and  invert,  proceed  as  directed 
on  page  502  except  that  instead  of  subacetatc  of  lead,  alumina  cream  is 
employed  for  a  clarifier,  the  reagent  being  added  in  excess  before  making 
up  to  the  mark  in  the  loo-cc.  flask.  On  account  of  birotation,  a  drop 
or  two  of  ammonia  is  added.*  Aside  from  these  precautions  exactly  the 
same  method  of  procedure  is  adopted  as  in  the  case  of  molasses  and 
syrup. 

Determination  of  Invert  Sugar. — Weigh  5  grams  of  the  sample  into 
a  loo-cc.  graduated  flask,  dissolve  in  water,  clarify  with  about  5  cc.  of 
alumina  cream,  and  make  up  to  the  loo-cc.  mark.  Filter  and  determine 
invert  sugar  in  an  aliquot  part  of  the  filtrate  by  either  volumetric  or 
gravimetric  Fehling  processes. 

Adulteration  of  Honey. — ^The  most  common  adulterants  of  honey 
are  cane  sugar  and  commercial  glucose.  Sometimes  both  are  employed 
in  the  same  sample.  Gelatin  is  also  said  to  be  used.  It  appears  to  be 
a  fact  that  bees  may  be  made  to  feed  upon  cane  syrup  or  commercial 
glucose,  if  these  materials  are  placed  in  proximity  to  their  hives,  so  that 
in  some  instances  the  adulterant  may  be  supplied  through  the  medium 
of  the  bee.  Sophisticated  honey  is  often  put  up  in  tumblers  or  jars  con- 
taining pieces  of  honeycomb,  so  that  presence  of  the  comb  is  by  no  means 
proof  of  its  purity.  Sometimes  the  comb  itself  is  artificiaLf  Comb- 
honey,  sold  in  the  frame  as  sealed  by  the  bees,  is  never  adulterated,  except 
when  the  bees  are  fed  upon  glucose  or  cane  sugar. 

Gelatin  is  indicated  if  a  precipitate  occurs  in  the  diluted  samj)le  with 
a  solution  of  tannic  acid. 

A  right-handed  polarization  of  honey  at   once   makes   it   sus])icious. 
The  author  has  never  found  a  sample  of  genuine  honey  that  polarized 
to  the  right  of  the  zero-point,  though  cases  are  on  record  of  pure  right 
handed  honeys.     Such  are  said  to  have  been  yielded  from  the  exudation 
of  certain  ])ine  trees,  the  honey  from  this  source  possessing  notable  (juan- 

*  Friihlinj^,  Z(it>.  (ilTcrUl.  (licmic,  4  (1898),  p.  410, 

t  A  sampli-  of  alleged  lioncy  was  purchased  by  one  of  the  inspectors  of  Ibe  Food  and 
Drug  Department  of  the  Mass.  State  Board  of  Health,  put  up  in  a  glass  jar  with  a  large 
mass  of  honeycomb  and  a  dead  bee.  No  genuine  honey  was  found,  the  mixture  consist- 
ing of  commercial  glucose  and  cane  sugar.     Even  the  comb  was  artificiaL 
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tities  of  dextrin,  which  in  normal  honey  is  absent.  A  high  ri^t-handed 
rotation  points  either  to  cane  sugar  or  to  commercial  glucose  as  adulter- 
ants. If,  after  inversion  of  the  honey  sample,  the  polarization  is  left- 
handed,  the  adulterant  b  undoubtedly  cane  sugar.  If  the  polarization 
after  inversion  is  still  right-banded,  commercial  glucose  is  do  doubt 
present- 
Notable  amoimts  of  calcium  sulphate,  when  tested  in  the  diluted 
honey,  indicate  commercial  glucose.  The  test  for  calcium  is  made 
with  ammonia  and  ammonium  oxalate;  that  for  sulphuric  acid  with 
hydrochloric  acid  and  barium  chloride  in  the  usual  manner. 

The  presence  of  commercial  glucose  is  strongly  indicated  if,  on  the 
addition  of  3  or  4  volumes  of  strong  alcohol  to  the  honey,  a  precipitate 
of  dextrin  is  found.  Pure  honey  should  show  only  a  slight  milkiness 
and  no  actual  precipitate  when  thus  treated. 

Determination  of  Commercial  Glucose  in  Honey. — Except  for  rough 
work,  the  method  described  on  page  505  for  calculating  the  per  cent  of  com- 
mercial glucose  from  the  sucrose  and  from  the  dia-ct  polarization  is  not 
recommended  for  use  with  honey  and  other  products  wherein  the  invert 
sugar  is  so  large  as  to  considerably  affect  its  accuracy.  In  this  case-,  it 
i.-i  best  after  inversion  to  polarize  the  sample  at  87°  C,  the  temperature 
at  which  the  reading  due  to  invert  sugar  would  be  o.  At  this  tempera- 
ture, any  right-handed  [lolarizalion  can  be  accounted  as  due  to  commer- 
cial glucose. 

\i  in  the  case  of  molasses,  the  writer  advocates  assuming  175°  as  the 
direct  polarization  of  the  glucose  used,  this  being  about  the  maximum 
reading  for  a  normal  solution  of  42''-He.  glucose.  Lythgix.'  has  shown 
that  in  jxilarizing  at  high  temperatures  samples  of  saccharine  products 
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the  invert  reading,  weigh  out  a  separate  half-normal  portion  in  a  loo-cc. 
sugar-flask,  dilute  to  about  70  cc.  with  water,  add  7  cc.  of  hydrochloric 
acid  (specific  gravity  1.20),  and  heat  in  the  regular  manner  to  68®  C. 
Cool,  add  a  few  drops  of  phenolphthalein,  and  neutralize  \vith  sodium 
hydroxide.  Add  a  few  drops  of  dilute  hydrochloric  acid  lo  discharge  the 
pink  color,  then  from  5  to  10  cc.  of  the  appropriate  clarifier  (in  the  case 
of  honey,  alumina  cream),  cool  again,  and  make  up  to  the  loo-cc.  mark. 
Polarize  in  a  200-mm.  jacketed  tube  at  87°,  and  multiply  the  reading 
by  2.  The  invert  reading  may  be  obtained  on  the  same  solution  at  20°, 
if  desired.  Divide  the  true  reading  at  87°  by  163  *  and  multiply  the  result 
by  100  for  the  percentage  of  commercial  glucose  in  terms  of  glucose 
polarizing  at  175°.     See  also  Appendix,  page  769. 

Polarization  at  the  temperature  of  87°  can  most  readily  be  efrec:ed 
by  the  use  of  a  water-jacketed  tube,  as  shown  in  Fig.  110.  An  all-melal 
tube,  the  interior  of  which  is  heavily  gold-plated  to  avoid  corrosion  by 
acid,  is  {)rcfcrable  to  one  in  which  the  inner  tube  is  glass  with  a  metal 
jacket,  as  in  the  latter  leaky  joints  are  liable  to  occur,  due  to  uneven 
expansion.  A  tubulure  is  provided  in  the  outer  tube  for  a  thermometer, 
so  that  the  exact  temperature  may  be  noted.  A  tank  of  boiling  water 
placed  on  a  shelf  above  the  polariscope  is  connected  by  rubber  tubing 
wiih  the  jacketed  tube  as  it  rests  in  the  polariscope,  as  shown  in  Fig. 
no. 

Beeswax. — The  purity  of  beeswax  is  best  established  by  determining 
its  melting-point,  its  specific  gravity,  its  saponification  equivalent,  and 
its  refractometric  reading.  The  melting-point  of  pure  wax  is  abou; 
64°  C,  while  that  of  paraffin,  its  chief  adulterant,  is  from  52°  to55°C. 
Its  saj)()niricati()n  equivalent  should  be  from  87.8  to  107,  while  that  of 
paraiTm  is  o. 

Method  oj  Determining  Specific  Gravity  oj  Bccswax.1[ — Place  a  weighed 
rod  of  the  wax,  ai)out  i  to  1.5  cm.  hmg  by  0.5  cm.  diameter,  in  an  accurately 
marked  50-cc.  llask,  and  run  in  water  from  a  burette  till  the  water  level 
readies  tlie  mark.  50  cc.  minus  the  burette  reading  represent  the  vol- 
ume ()ccu])ic(l  Ijy  the  wax.  The  rod  should  be  made  to  lie  flat  on  the 
botiom  of  the  tlask,  so  that  the  incoming  water  will  force  its  ends  against 
the  sides  and  prevent  the  end  from  rising  above  the  mark.     The  volume 


*  The  tnic  y)<>larization  at  87°  C.  of  a  normal  solution  of  glucose  subje(  ted  to  inversion 
and  neutralization  as  above  (but  without  the  use  of  the  clarifier),  will  be  about  93%  that 
of  the  direct  polarization  of  the  sample  in  the  cold.     Hence  175  X  0.93-=  162.7. 

f  Bulletin  13,  U.  S.  Department  of  Agriculture,  Division  of  Chemistry,  p,  842. 


Si6  FOOD  INSPECTION  AND  ANALYSIS. 

of  ihe  rod,  divided  by  its  weight,  gives  its  specific  gravity.  The  specific 
gravity  of  various  miirtures  of  wax  of  0.969  specific  gravity  and  paraf&n 
of  0.871  are  given  in  the  following  table,  prepared  by  Wagner,  so  that 
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The  Abb€  refractometer  may  be  u^ed  with  perfect  safety  and,  when 
available,  is  to  be  preferred  for  the  examination  of  beeswax.  Many 
food  laboratories  are,  however,  not  equipped  with  the  Abb€,  but  nearly 
all  find  the  but)n:o-refractometer  indispensable.  The  latter  instrument 
was  primarily  designed  for  such  substances  as  butter  and  lard,  so  that  the 
manufacturers  did  not  intend  it  to  be  subjected  to  as  high  a  temperature 
as  65°.  They  have,  however,  assured  the  author  that  if  care  be  taken 
to  bring  the  temperature  very  slowly  and  gradually  to  the  required  degree, 
65°,  and  to  avoid  also  sudden  •cooling,  the  cement  that  secures  the  prisms 
in  place  will  not  be  appreciably  affected;  otherwise  cracking  or  loosening 
of  the  cement  would  be  liable  to  occur  after  a  lime. 

At  65°  C.  pure  beeswax  should  have  a  reading  on  the  butyro- refrac- 
tometer of  30  to  31.5,*  while  that  of  paraffin  is  from  11  to  14.54 

CONFECTIONERY. 

The  composition  of  confectionery  is  more  complex  than  that  of  the 
saccharine  products  hitherto  considered.  As  a  rule,  cane  sugar,  or  one 
of  its  products,  as  molasses,  forms  the  basis  of  most  of  the  confections. 
Commercial  glucose  is  also  a  common  ingredient,  while  a  large  variety 
of  such  materials  as  eggs,  butter,  chocolate,  various  flavoring  extracts, 
spices,  nuts,  and  fruits,  enter  into  the  composition  of  confectionery. 

U.  S.  Standard  Candy  is  candy  containing  no  terra  alba,  bar}'tes, 
talc,  chrome  yellow,  or  other  mineral  substances  or  poisonous  colors  or 
flavors,  or  other  ingredients  injurious  to  health. 

Adulteration. — Of  late  the  adulteration  of  confectioner^'  has  l)een 
held  largely  in  check  by  the  National  Confectioners'  Association  of  the 
United  States,  which  has  fixed  high  standards  of  purity,  and  has  been 
ver}'  /calous  in  restricting^  the  use  of  harmful  adulterants. 

Connnercial  glucose  is  not  regarded  as  an  ackilterant  of  confectionery 
by  the  above-nanu'd  association  and  by  but  few  of  the  stale  laws.  On  the 
contrary,  any  ingredient,  other  than  color,  that  has  no  food  value,  may 
logically  l)e  considered  as  an  adulterant.  Under  this  head  are  included 
such  su])stances  as  ])arathn,  as  well  as  make-weight  mineral  matters,  such 
as  terra  all)a,  talc,  or  calcium  sulphate. 

Most  of  the  actually  harmful  ingredients  employed  in  confectionery 
have  been  inherent  in  the  coloring  matters,  or  in  the  alcohol  or  fusel  oil 
used  in  the  manufacture  of  brandy  drops  and  allied  confections. 

*  W/j,  M452  to  1.4463.  t  «/.!  1.4310  to  1.4335- 
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Colors  in  Confectionery. — A  very  wide  range  of  colors  is  necessarily 
employed  in  the  manufacture  of  confectionery,  and  the  almost  endless 
variety  of  coal-tar  dyes  now  available  lend  themselves  most  readily  to 
the  confectioner's  needs.  Elsewhere,  under  "colors,"  lists  of  injurious 
and  non-injurious  dyes  are  given  as  compiled  by  the  National  Confec- 
tioners' Association,  though  it  is  not  always  readily  apparent  how  the  lines 
are  drawn. 

The  tinctorial  power  of  these  dyes  is  so  high  that  the  actual  amount 
of  substance  contained  in  a  thin  coating  of  the  color  on  the  outside  of  the 
candy  is  exceedingly  small,  so  that  it  is  doubtful  whether  serious  cases  of 
injury  have  ever  arisen  from  their  use. 

Such  was  not  the  case  formerly,  before  the  prevalence  of  the  coal-tar 
dyes,  when  such  poisonous  mineral  pigments  as  chromate  of  lead  were 
frequently  used.  Only  one  or  two  instances  of  the  use  of  lead  chromate 
in  candy  have  come  to  the  author's  attention  within  ten  years,  since  more 
satisfactory  and  harmless  yellow  colors  among  the  azo-dyes  are  now 
obtainable. 

AHALYSrs  OF  COHPECTIOHERY. — The  following  have  been  submitted 
by  the  author  as  provisional  methods  of  procedure  for  the  A.  O.  A,  C. :  * 

( I)  Products  of  Practically  Uniform  Composition  Throughout. — 
(a)  Lozenges  and  Other  Pulverizable  Products. — Grind  in  a  mortar  or 
mill  to  a  fine  powder.  For  total  solids,  weigh  from  2  to  5  grams  of  the 
powdered  sample  in  a  tared  platinum  dish,  and  dry  in  a  McGiU  oven 
to  constant  weight. 

For  Ash,  ignite  the  residue  from  total  solids  in  the  original  dish,  observ- 
ing the  precautions  given  under  sugar  (p.  481),  and  molasses  (p.  506). 

(6)  Semi' plastic,  Syrupy,  or  Pasty  Products. — Weigh  50  grams  of 
graduated   Hask.  mi\   thoroughly  or  ilissolv 
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(3)  Sugar-coated  Fruit,  Nuts,  etc.— In  case  of  a  saccharine  coating 
inclosing  fruit,  nuts,  or  any  less  readily  soluble  material,  dissolve  or 
wash  off  the  exterior  coating  in  water,  which  may,  if  desired,  be  evaporated 
to  dryness  for  weighing,  and  proceed  as  in  (i). 

(4)  Candied  or  Sugared  Fruits. — Proceed  as  in  the  examination  of 
fruits  (Chapter  XIX). 

Detection  of  Mineral  Adulterants. — As  in  the  case  of  molasses,  a 
considerable  quantity,  say  100  grams,  should  be  reduced  to  an  ash  for 
examination  for  mineral  adulterants,  such  as  talc,  calcium  sulphate,  and 
iron  oxide,  which  are  detected  by  regular  qualitative  tests. 

Detection  of  Lead  Chromate. — Fuse  the  ash  in  a  porcelain  crucible 
with  a  mixture  of  sodium  carbonate  and  potassium  chlorate,  boil  the 
fused  residue  with  water,  neutralize  with  acetic  acid,  filter,  and  treat  the 
filtrate  with  barium  chloride  or  lead  acetate  solution.  A  yellow  pre- 
cipitate indicates  a  chromate.  Treat  the  insoluble  part  of  the  fusion 
with  nitric  acid,  and  test  for  lead  in  the  usual  manner. 

If  a  drop  of  ammonium  sulphide  be  applied  to  a  piece  of  confectionery 
colored  with  lead  chromate,  it  will  produce  a  black  coloration. 

Determination  of  Ether  Extract — ^The  ether  extract  includes  the  fat 
derived  from  chocolate,  eggs,  or  butter,  as  well  as  any  paraflSn  present. 
Measure  25  cc.  of  the  20%  solution  (i)  (h)  (p.  518)  into  a  very  thm, 
readily  frangible  glass  evaporating-shell  {Hojjmeistefs  Schdlchen),  con- 
taining 5  to  7  grams  of  freshly  ignited  asbestos  fiber;  or,  if  impossible  to 
thus  obtain  a  uniform  sample,  weigh  out  5  grams  of  the  mixed,  finely 
divided  sample  into  a  dish,  and  wash  with  water  into  the  asbestos  in  the 
evaporating-shell,  using,  if  necessary,  a  small  portion  of  the  asbestos 
fiber  on  a  stirring-rod  to  transfer  the  last  traces  of  the  sample  from  dish 
to  shell.  Dry  to  constant  weight  at  100°,  after  which  cool,  wrap  loosely 
in  smooth  paper,  and  crush  into  rather  small  fragments  between  the 
fingers,  carefully  transferring  the  pieces  with  the  aid  of  a  camel's-hair 
brush  to  an  extraction-tube,  or  to  a  Schleicher  and  Schull  cartridge  for 
fat  extraction.  Extract  with  anhydrous  ether  or  with  petroleum  ether  in 
a  continuous  extraction  apparatus  for  at  least  twenty-five  hours.  Trans- 
fer the  solution  to  a  tared  flask,  evaporate  the  ether,  dry  in  an  oven  at 
100°  C.  to  constant  weight,  and  weigh. 

Determination  of  ParaflSn. — ^Add  to  the  ether  extract  in  the  flask,  as 
above  obtained,  10  cc.  of  95%  alcohol,  and  2  cc.  of  i  :i  sodium  hydroxide 
solution,  connect  the  flask  with  a  reflux  condenser,  and  heat  for  an  hour 
on  the  water-bath  or  until  saponification  is  complete.    Remove  the  con- 
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denser,  and  allow  the  flask  to  remain  on  the  bath  till  the  alcohol  is  evapo- 
rated off,  and  a  dry  residue  is  left.  Treat  the  residue  with  about  40  cc. 
of  water,  and  heat  on  the  bath,  with  frequent  shaking,  till  everything 
soluble  is  in  solution.  Wash  into  a  separatory  funnel,  cool,  and  extract 
with  four  successive  portions  of  petroleum  ether,  which  are  collected  in 
a  tared  flask  or  capsule.  Remove  the  petroleum  ether  by  evaporation,  and 
dry  in  the  oven  to  constant  weight. 

It  should  be  noted  t'hat  any  phytosterol  or  cholesterol  present  in  the 
fat  would  come  down  with  the  paraffin,  but  the  amount  would  be  so 
insignificant  that,  except  In  the  most  exacting  work,  it  may  be  disregarded. 
The  character  of  the  final  residue  should,  however,  be  confirmed  by 
determining  its  melting-point  and  specific  gravity,  and  by  subjecting  it 
to  examination  in  the  butjTO-rcfractomeicr.  The  melting-point  of  par- 
affin  is  about  54.5°  C;  its  specific  gravity  at  15.5°  C.  is  from  0.868  to  0.915, 
and  on  the  butyro-rcfraclometer  the  reading  at  65' C.  is  from  11  to  14.5. 

Determination  of  Starch. — Measure  gradually  25  cc.  of  a  20%  aqueous 
solution  or  uniform  mixture  of  the  sample  into  a  hardened  filter  or  Gooch 
crucible,  or  transfer  by  washing  5  grams  of  the  finely  powdered  substance 
to  the  filter  or  Gooch,  and  allow  the  residue  on  the  filler  to  become  air- 
dried.  Extract  with  five  successive  portions  of  10  cc.  of  ether,  then 
wash  with  150  cc.  of  10%  alcohol,  and  finally  with  20  cc.  of  strong  alcohol. 
Transfer  the  residue  (o  a  large  flask  and  boil  gently  for  four  hours  «ith 
200  cc.  of  water  and  20  cc.  of  hydrochloric  acid  (siX'cific  gravity  1.125), 
the  flask  being  provided  with  a  R-flux  condenser.  Cool,  neutralize  with 
sodium  hydn)xide,  add  5  cc.  of  alumina  cream,  and  make  up  the  volume 
to  250  cc.  with  water.  Fiher  and  determine  the  dextrose  in  an  aliquot 
part  of  the  fdtrale  by  any  of  the  various  Fehling  methods.      The  weight 
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Commercial  glucose  is  roughly  determined  by  polarizing  the  sample 
at  87®  C,  as  in  the  case  of  honey  (p.  514). 

Confectionery  is  made  in  such  a  wide  variety  of  forms,  and  these  differ 
in  consistency  to  such  an  extent  that  commercial  glucose  of  all  available 
degrees  of  density  can  be  utilized  to  advantage  in  one  product  or  another. 
In  this  respect  confectionery  is  unlike  honey  and  molasses,  wherein  a 
fairly  uniform  grade  of  commercial  glucose  is  necessarily  used  for 
mixing,  this  grade  being  naturally  selected  with  reference  lo  its  similarity 
in  density  to  the  molasses.  On  this  account  the  glucose  factor  used 
for  honey  and  molasses  (175)  may  in  some  varieties  of  confectioner}^  be 
too  high. 

Determination  of  Alcohol  in  Syrups  Used  in  Confectionery. — (Brandy- 
drops.) — Open  each  drop  by  cutting  off  a  section  with  a  sharp  knife,  and 
collect  in  a  beaker  the  syrup  of  from  15  to  25  of  the  drops,  which 
will  usually  yield  from  30  to  50  grams  of  syrup.  Strain  the  syrup  into 
a  tared  beaker  through  a  perforated  porcelain  filter-plate  in  a  funnel 
to  separate  from  particles  of  the  inclosing  shell,  and  ascertain  the  weight 
of  the  syrup.  Wash  into  a  distilling-flask,  dilute  with  half  its  volume 
of  w^atcr,  and  distil  off  into  a  tared  receiving-flask  a  volume  equal  to  the 
original  volume  of  syrup  taken.  Ascertain  the  weight  of  the  distillate 
and  its  specific  gravity  by  means  of  a  pycnometer.  Multiply  the  per- 
centage by  weight  of  alcohol  corresponding  to  the  specific  gravity,  as 
found  in  the  tables  on  page  531  et  seq.y  by  the  weight  of  the  distillate,  and 
divide  this  by  the  weight  of  syrup  taken.  The  result  is  the  per  cent  by 
weight  of  alcohol  in  the  syrup. 

Detection  of  Colors. — It  is  somedmes  necessary  to  macerate  a  con- 
siderable mass  of  the  material  to  remove  the  color,  whicli  is,  however, 
in  the  majority  of  cases  readily  soluble.  The  insoluble  colors  are  nearly 
all  mineral  pigments  lo  he  looked  for  in  the  ash,  as  in  the  case  of  chromate 
of  lead  (p.  519).  Freijuently  the  coloring  matter  is  confined  to  a  thin 
outer  layer,  which  is  readily  washed  off. 

The  sohiiion  of  the  dyestuff  is  examined  as  directed  under  colors. 

Detection  of  Arsenic. — Arsenic  may  be  present  through  impure 
coloring  matter.  If  the  color  is  confined  to  an  exterior  coating,  this 
should  be  washed  off  and  examined.  ■  If  distributed  through  the  mass, 
a  solution  of  the  whole  should  be  taken.  Examine  for  arsenic  bv  the 
Gutzeit  or  Marsh  method,  as  directed  under  glucose  (p.  511). 
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CHAPTER  XIV. 

ALCOHOLIC  BEVERAGES. 

Alcoholic  Fermentation. — In  a  broad  sense  all  alcoholic  liquors  are 
saccharine  products,  in  that  they  are  essentially  the  result  of  the  fermen- 
tation of  sugar.  In  the  case  of  fruits,  the  sugar  already  exists  as  such 
in  their  juices,  which,  when  expressed,  almost  immediately  on  exposure 
to  the  air  begin  to  undergo  spontaneously  the  process  of  alcoholic  fermen- 
tation, in  accordance  with  the  reaction: 

(i)    C,HijO,=  2C,H,0-f2COa. 

Dextrose  or        Alcohol         Carbon 
grape  sugar  (Hoxide 

In  the  case  of  grains  the  process  is  more  complex,  involving  a  preliminary 
saccharous  fermentation,  whereby  the  starch  is  first  transformed  into 
sugar. 
Thus 

(2)      2CeHioO,-hHaO  =  C3io05  +  CeHi,0«. 

Starch  Dextrin  Dextrose 

(3)    C„H,„Os+H,0=C,H„0,. 

Dextnn  Dextrose 

The  y)roccss  of  alcoholic  or  vinous  fermentation  is  largely  dependent 
upon  the  ])rescncc  of  various  species  of  yeasts,  which  either  exist  from 
the  first  in  the  exj)rcsscd  juices  themselves,  as  in  the  case  of  wines,  being 
derived  from  the  skins  of  the  grapes  and  from  the  air,  or  are  introduced 
with  some  degree  of  selection,  as  in  the  case  of  beer. 

In  the  juices  of  most  fruits  the  sugar  exists  in  the  form  of  sucrose, 
mixed  with  variable  amounts  of  invert  sugar  resulting  from  the  inver- 
sion of  the  sucrose  due  to  the  action  of  ferments,  such  as  invertase,  a 
soluble  ferment  of  yeast.  The  invert  sugar  nearly  always  predominates, 
and  in  some  juices,  as  for  instance  the  grape,  nearly  all  the  sugar  has  been 
inverted. 
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The  above  reaction,  No,  i,  illustrating  the  splitting  up  of  grape  sugar 
into  alcohol  and  carbon  dioxide,  does  aot  represent  the  practical  yield 
of  alcohol  under  ordinary  conditions  that  occur  in  vinous  fermentation, 
for,  as  a  matter  of  fact,  instead  of  51.11  parts  of  alcohol  and  48.S9  parts 
carbon  dioxide,  which  would  theoretically  result  as  above  from  the  fer- 
mentation of  100  parts  of  dextrose,  only  about  95%  of  the  theoretical 
yield  can  be  obtained,  so  that  in  practice  it  is  possible  to  fonn  but  about 
48,5%  alcohol  and  46.5%  carbon  dioxide.  The  balance,  amounting 
to  some  5%,  consists  chiefly  of  glycerin,  succinic  acid,  and  traces  of 
various  compounds,  including  some  of  the  higher-boiling  alcohols  (propyl, 
butyl,  and  amyl)  and  their  ethers,  which  form  the  fusel  oil  of  the  dis- 
tilled liquors. 

Vinous  fermentation  takes  place  most  readily  in  slightly  acid  liquids, 
at  a  temperature  ranging  from  25°  to  30°  C. 

It  is  convenient  to  divide  alcoholic  beverages  into  two  main  groups, 
first  the  fermented  and  second  the  distilled  liquors.  The  fermented 
liquors  naturally  subdivide  themselves  into  (a)  the  products  of  the  direct 
spontaneous  fermentation  of  saccharine  fruit  juices,  such,  for  example, 
as  those  of  the  apple  and  the  grape,  to  form  cider  and  wine  respectively, 
and  (i)  the  malted  and  brewed  liquors,  such  as  beer  and  ale,  produced 
by  the  conversion  of  the  starch  of  grain  into  sugar,  and  the  final  alcoholic 
fermentation  of  ihe  latter. 

The  distilled  liquors  include  such  products  as  whiskey,  brandy,  rum, 
and  gin,  wherein  alcoholic  infusions  prepared  b;'  previous  fermentation 
in  various  ways  are  furllicr  subjected  Ui  distillation. 

Alcoholic  Liquors  and  State  {or  Uunicipal)  Control. — The  mert 
adulteration  of  licjuors  does  not  constitute  the  only  featurt;  which  brings 
them  within  the  scoih;  of  the  public  analyst's  work  and  renders  ihem 
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in  the  adulterated  list  as  regards  non-conformance  to  a  standard  of  purity. 
While  the  raising  of  revenue  is  one  purpose  for  the  existence  of  these 
laws  bearing  on  liquor  license,  an  equally  important  object  sought  to  be 
gained  is  doubtless  the  repression  of  intemperance. 

Toxic  Effects.' — A  popular  impression  seems  to  exist  ihat  the  toxic 
effects  of  an  adulterated  liquor  are  far  worse  from  a  temperance  stand- 
point than  those  of  a  sample  of  good  standard  quality,  and  it  is  a  common 
experience  of  the  public  analyst  to  have  submitted  to  him  by  well-mean- 
ing temperance  advocates  samples  which  are  alleged  to  have  caused 
the  worst  forms  of  intoxication,  and  are  thus  suspected  of  being  impure. 
As  a  matter  of  fact  the  chief  adulterants  of  liquors  are  water,  sugar,  and, 
in  the  case  of  beer,  various  bitter  principles  and  vegetable  extractives, 
none  of  which  are  on  record  as  being  in  themselves  actively  toxic* 

Alcohol  is  the  one  ingredient  of  liquor  which,  more  than  any  other, 
produces  a  marked  physiological  effect.  Many  liquors,  especially  those 
of  I  he  distilled  variety  classed  as  adulterated,  are  so  considered  by  reason 
of  their  low  alcoholic  content  through  watering  or  otherwise,  hence  this 
commonest  form  of  adulteration,  far  from  being  detrimental  in  itself,  is 
actually  helpful  to  the  temperance  cause. 

Details  of  Liquor  Inspection. — ^The  same  precautions  should  be 
carefully  observed  by  officers  making  seizures  of  liquors  for  analysis, 
as  by  food  inspectors,  regarding  safe  delivery  of  the  samples  to  the 
analyst.  The  following  instructions  are  circulated  by  the  State  Board 
of  Health  of  Massachusetts,  which  has  in  charge  the  inspection  of  liquors, 
concerning  the  taking  of  samples  in  that  state  and  the  transmission  to 
the  analvst: 

DIRECTIONS    FOR   TAKING   SAMPLES   FOR   ANALYSES. 

The  officer  making  a  seizure,  or  taking  samples  of  beer,  should  note 
at  the  time  of  such  seizure  the  general  appearance  of  the  licjuor, — as  to 
whether  it  is  clear  or  cloudy,  whether  it  is  still  or  has  a  strong  head. 

If  the  liquor  is  in  bottles,  take  at  least  one  pint  bottle;  if  in  barrels, 
draw  a  pint  bottle  from  each.  Request  the  owner  to  seal  each  sample 
taken.  If  the  bottles  have  cork  stoppers,  cut  the  stoppers  off  level  with 
the  top  of  the  bottle  and  cover  with  wax;  if  whh  patent  stopi)ers,  a  little 
wax  placed  i  jion  the  wire  at  the  point  where  it  lays  against  the  neck  of 
the  bottle  is  sufficient.     If  the  owner  refuses  to  seal  it,  then  the  officer 

*  The  writer  refers  to  substances  Intentionally  added,  and  not  to  accidental  impurities, 
such  as  arsenic,  etc.,  that  are  occasionally  found. 
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should  seal  it  in  his  presence,  calling  his  attention  to  the  fact.  Before 
leaving  the  premises,  place  upon  the  bottle  a  label  or  tag,  with  the  date, 
the  name  of  the  owner,  and  the  name  of  the  officer  upon  it,  and  also  the 
name  of  the  town  or  city.  Then  place  in  a  box,  with  the  certificate 
required  by  law,  and  forward  without  delay  to  the  analyst. 


FORI!  OF  LABEL. 


Town 

Date  of  seizure . 

Owner 

Kind  of  liquor. .. 
Brewer 


Accompanying  each  sample  is  a  certificate  like  the  following,  the 
first  part  of  which  is  filled  out  and  signed  by  the  officer,  while  the  second 
part,  containing  the  data  of  analysis,  is  filled  out  and  signed  by  the  analyst 
and  returned  by  him  to  the  officer.  Such  a  certificate  is  nearly  ajways 
accepted  as  evidence  in  court  without  the  personal  appearance  of  the 
analyst. 

ss  19    . 

To  the  State  Board  of  Health: 

I  send  herewith  a  sample  of 

taken  from  liquors  seized  by  me 19     . 

Ascertain  the  percentage  of  alcohol  it  contains,  by  volume,  at  sixty 
degrees  Fahrenheit,  and  return  to  me  a  certificate  herewith  upon  the 
annexed  form. 
Seized  from 
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A  convenient  method  for  recording  analyses  is  by  the  employment 
of  numbered  library  cards,  which  bear  the  same  number  as  the  certificates 
and  are  kept  by  the  analyst. 

The  following  is  a  convenient  form: 


No Analyzed 

County Wt.  flask  and  ale 

Cit  V  or  town Wt.  flask 

Officer Wt.  ale 

Dt*fen(iant Sp.  gr.  ale.  (60°) 

Address Per  cent  aleohol 

Kind  of  li'iuor Rep)orted 

Seized 

Received 

How  delivered 

Sealed 

Condition 

K  ind  of  bottle 

Registered 

METHODS  OF   ANALYSIS   COMMON  TO   ALL  LIQUORS. 

Specific  Gravity. — This  should  be  taken  at  15.6°  or  calculated  to 
that  temperature.  The  most  convenient  mode  of  procedure  is  to  bring 
the  temperature  of  the  sample  somewhat  below  that  point  by  allowing 
the  flask  containing  it  to  stand  in  cold  water,  and  to  have  everj^thing  in 
readiness  to  make  the  determination  when  15.6°  temperature  has  been 
reached,  either  by  the  hydrometer  spindle  in  a  glass  cylinder,  by  the 
Westphal  balance,  or  by  the  pycnometer.  The  latter  is  by  far  the  most 
accurate,  especially  if  it  is  of  the  form  which  is  fitted  with  a  thermometer- 
stopper. 

Detection  of  Alcohol. — It  is  rarely  necessary  to  make  a  qualitative 
test  for  alcohol  in  licjuors,  since  it  is  almost  invariably  present  even  in 
many  of  the  so-called  temperance  drinks,  at  least  in  small  amount. 
Indeed  in  many  localities  a  beverage  is  legally  a  temperance  drink  that 
contains  not  more  than  \^[  alcohol  by  volume. 

The  lodojonn  Test. — Alcohol,  when  })resent  in  aqueous  solution  to 
the  extent  of  o.i^  ^  or  more,  may  ])e  detected  by  the  iodoform  test.  The 
solution  is  warmed  in  a  test-tube  with  a  few  drops  of  a  strong  M)lution 
of  iodine  in  ])otassium  iodide,  after  which  enough  sodium  hydroxic'e 
solution  is  added  to  nearly  decolorize.  On  standing  for  some  time  a 
yellow  ])recipitate  of  iodoform  will  appear  if  alcohol  be  present,  or  at 
once  if  there  is  a  considerable  amount,  and  the  characteristic  odor  of 
iodoform  will  ])e  rendered  apparent,  even  when  the  precipitate  is  so  slight 
as  to  be  almost  imperceptible.  This  iodoform  precipitate  is  crystalline, 
showing  under  the  microscope  as  star-shaped  groups  or  hexagonal  tablets. 
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It  should  not  be  forgotten  that  other  substances  than  alcohol  give  the 
reaction,  as  lactic  acid,  acetone,  and  various  aldehydes  and  ketones. 

Pure  methyl  or  amyl  alcohol  or  acetic  acid  do  not  thus  react. 

Berihelot  recommends  benzoyl  chloride  as  a  reagent  for  detecting 
alcohol.  By  warming  a  mixture  of  a  few  drops  of  benzoyl  chloride  with 
the  solution  to  be  tested,  and  adding  a  little  sodium  hydroxide,  ethyl 
bcnzoate  is  formed,  recognizable  by  its  distinctive  odor.  This  reaction 
is  delicate  to  o.i%  alcohol.  The  presence  of  other  alcohob  than  ethyl 
produces  ethers  of  characteristic  odor. 

Hardy's  Test  lor  Alcohol  consists  in  shaking  the  aqueous  solution 
with  some  powdered  guaiacum  resin,  fillering,  and  adding  to  the  filtrate 
a  little  hydrocyanic  acid  and  a  drop  of  dilute  copper  sulphate  solution. 
A  blue  coloration  considerably  deeper  than  that  due  lo  the  copper  salt 
is  indicative  of  alcohol. 

Methyl  Alcohol  in  spirits  is  tested  for  by  MuUiken's  reaction  (p.  74,'^).    • 

DetermihaTIOH  of  Alcohol. — In  the  case  of  carbonated  liquids  it  is 
nece.-^sarj-  to  first  expel  the  free  carbon  dioxide,  which  is  readily  accom- 
plis'.icd  by  pouring  the  liquor  back  and  forth  from  one  beaker  to  another, 
from  lime  to  lime  removing  the  excess  of  froth  from  the  top  of  the  vessel 
by  the  aid  of  the  hand.  Or,  the  sample  may  be  shaken  vigorously  in  a 
large  separator}'  funnel,  and  the  still  liquor  drawn  off  from  below  the 
froth,  repeating  the  operation  several  limes  if  necessary.  In  either 
case  the  mechanical  treatment  should  be  continued  till  the  liquor  is  com- 
paratively quiet  and  free  from  foam. 

If  the  liquor  is  perceptibly  acid,  the  acidity  should  first  be  neutralized 
with  sodium  hydroxide  or  other  alkali,  lo  guard  against  the  passing  over 
of  volatile  acid.  This  is  usually  unnecessarj-  with  beer  or  distilled  liquors, 
•olatile  acid  i 
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for  convenience  aodaonuaqr  in  the  original  fladc  in  wfaidi  it  wu  nieasuied.. 
Nearly  all  alobhoUc  liquorsi  if  comparatively  fiee  from  carbon  dioxi^ef 
will  boil  without  undue  frothing  or  foaming.  New  wine  wiU  qocasitmally 
give  trouble  in  this  legardi  but  foaming  may  usually  be  prevented  in  thu 
case  by  the  addition  of  tannic  add.  In  case  of  wine,  cider,  and  beer 
all  the  alcohol  will  have  passed  over  in  the  first  75  cc  of  the  distillate> 
or  three-fourths  the  original  measured  volume,  but  with  distilled  liquors 
high  in  alcohol  the  process  had  better  be  continued  till  nearly  100  cc.  or 
the  original  volume  taken  have  passed.bver.  If  the  condenser  is  of  glass, 
one  can  observe  when  all  the  alcohol  has  been  distilled  over,  for  the  reason 
that  the  mixed  alcohol  and  water  vapors  in  the  upper  portion  of  the  con- 
denser present  a  striated  or  wavy  appearance,  readily  apparent  so  long 
as  the  alcohol  is  passing  over,  while  after  all  the  alcohol  has  been  distilled, 
the  condenser-tube  appears  perfectly  dear.  The  distillation  is  thus 
continued  for  some  time  after  this  striated  appearance  has  ceased.  The 
distillate  in  the  recefving  glass  is  finalfy  made  up  to  the  mark  or  to  the 
original  volume  of  the  liquor  taken.  Strictly  speaking,  the  measure- 
ments before  and  after  distillation  ahould  be  made  at  15.6^  C,  but|  except- 
ing in  case  of  distilled  liquorsi  no  appreciable  enor  results  from  mak&ig 
both  measurements  at  the  same  or  room  temperature.  Another  precau- 
tion fioimeriy  thou^  necessary  was  to  have  the  ddivery-tube  from  the 
condenser  pass  bekiw  the  level  of  a  little  water  in  the  receiving-flask 
from  the  start,  but  equaUy  accurate  results  have  been  obtained  by  simply 
allowing  the  end  of  the  condenser-tube  to  ente^  the  narrow-necked  flask. 

Fig.  Ill  shows  a  bank  of  six  stills  of  the  kind  used  in  the  author's 
laboratory  for  alcohol  determination  in  liquors.  In  each  still  the  verti- 
cal glass  worm-condenser,  the  round-bottomed  distilling-flask,  and  the 
lamp,  are  supported  by  rings  held  by  a  single  upright  rod.  The  receiving- 
flask  is  readily  connected  with  the  condenser  by  means  of  a  single  bent 
tube  provided  with  a  rubber  stopper.  The  cold-water  pipe  supplying 
the  condensers  is  shown  at  the  top,  and  the  gas-supply  pipe  at  the  bottom. 

The  distillate,  made  up  to  the  original  voliune,  is  thoroughly  shaken  and 
its  specific  gravity  taken  at  exactly  15.6*^  in  a  pycnometer,  or  by  the  Westphal 
balance.  From  the  specific  gravity  the  corresponding  percentage  of  alcohol 
by  volume  is  ascertained  by  reference  to  the  accompanying  tables. 

If  alcohol  by  weight  is  desired,  operate  on  100  grams  of  the  sample^ 
making  up  the  distillate  to  the  same  wei^. 

(2)  From  the  Spedflc  Gravity  of  the  Sample,-— In  the  case  of  dis- 
tilled liquors  having  veiy  little  residue»  an  approximation  to  the  true 
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percentage  of  alcohol  may  be  obtained  by  using  the  alcohol  table  in  con- 
nection with  the  specific  gravity  of  the  liquor  itself.  The  accuracy  of 
this  method  depends  largely  on  the  freedom  from  residue,  being  absolutely 
correct  for  mixtures  of  alcohol  and  water  only. 

(3)  By  Evaporation. — Determine  the  specific  gravity  of  the  sample, 
evaporate  a  measured  portion  of  the  liquor  (50  or  100  cc.)  in  a  porcelain 
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SPECIFIC  GRAVITY  AND  PERCENTAGE  OF  ALCOHOL. 

(According  to  Hehner.) 


Spec. 

Absolute  Alcohol. 

Spec. 

Absolute  Alcohol. 

1   Spec. 

Absolute  Alcohol. 

' 

■1 

Grav. 

at 
15.6°  C. 

Per 
Cent 

Per 
Cent 

Grams 

1    Grav. 
at 
15.6°  C. 

i 

Per 
Cent 

Pel 
Cent 

Grams 

'  Grav. 
i      ^^ 

Per 

Cent 

Per 
Cent 

Grams 

bv 
Weight 

0.00 

by  Vol- 
ume. 

per 
100  cc. 

0.00 

by 
Weight 

by  Vol- 
ume. 

per 
100  cc. 

bv 
Weight 

by  Vol- 
ume. 

per 

100  cc. 

1. 0000 

0.00 

1 

0.9999 

0.05 

0.07 

0.05 

0.9959 

2.33 

2-93 

2.32 

0.9910 

4.6q 

5.86 

4  -  65 

8 

0. 1 1 

.0.13 

O.I  I 

8 

2-39 

3- 

.00 

2.38 

8 

4.75 

5-94 

4.71 

0.16 

0.20 

0.16 

pm 

1 

2-44 

3- 

.07 

2.43 

7 

4.81 

6.02 

4.77 

6 

0.21 

0.26 

0.21 

6 

2.50 

3- 

.14 

2-49 

6 

4-87 

6.10 

4-83 

5 

0.26 

0.33 

0.26 

5 

2.56 

3- 

.21 

2-55 

5 

4-94 

6.17 

4.90 

4 

0.32 

0.40 

0.32 

4 

2.61 

3- 

.28 

2.60 

4 

5.00 

6.24 

4-95 

3 

0-37 

0.46 

0-37 

3 

2.67 

3- 

•35 

2.65 

3 

5.06 

6.32 

S'Oi 

2 

0.42 

0-53 

0.42 

2 

2.72 

3- 

42 

2.70 

2 

5-12 

6.40 

5-07 

I 

0.47 

0.60 

0.47 

I 

2.78 

3- 

•49 

2.76 

I 

5-19 

6.48 

5.14 

0 

0-53 

0.66 

0-53 

0 

2.83 

3- 

•55 

2.81 

0 

5-25 

6.55 

5.20 

0.9989 

0.58 

0-73 

0.58 

0.9949 

2.89 

3 

.62 

2.87 

0.9909 

5-31 

6.63 

5.26 

8 

0.63 

0.79 

0.63 

8 

2.94 

3- 

.69 

2.92 

8 

5-37 

6.71 

5-32 

7 

0.68 

0.86 

0.68 

7 

3.00 

3- 

.76 

2.98 

7 

5.44 

6.78 

5-39 

6 

0.74 

0.93 

0.74 

6 

3.06 

3 

.83 

3 -04 

6 

5-50 

6.86 

5.45 

5 

0.79 

0.99 

0.79 

5 

3.12 

3 

.90 

3-IO 

5 

5.56 

6.94 

5-51 

4 

0.84 

1.06 

0.84 

4 

3.18 

3- 

.98 

3-16 

4 

.5.62 

7.01 

5-57 

3 

0.89 

1-13 

0.89 

3 

3-24 

4 

.05 

3.22 

3 

5-69 

7-OQ 

5-64 

2 

0-95 

I.IQ 

0.95 

2 

3-29 

4 

.12 

3-27 

2 

5-75 

7-17 

5-70 

I 

1.00 

1.26 

1 .00 

I 

3-35 

4. 

.20 

i'ZZ 

I 

5.81 

7.25 

q.76 

0 

1 .06 

1-34 

1.06 

0 

3-41 

4 

.27 

3-39 

0 

5.87 

7-32 

5.81 

0.9979 

1 .12 

1 .42 

1 .  12  1 

0.0930 

3.47 

4 

•34 

'  3-45 

0.9899I  5.Q4 

7.40 

5. 88 

8 

l.K) 

l-4<) 

I  .  K) 

8 

3-53 

4 

.42 

3-51 

8    6.00 

7-48 

5-04 

1.25 

'    1-57 

I  .-S 

mm 

1 

3-59 

4 

•49 

3-57  1 

7    6.07 

7-57 

6.01 

6 

1-31 

I  -  ^^S 

i-3r    i 

() 

3-^5 

4 

.56 

3-63  , 

6    6.14 

7 .  66 

6.07 

5 

i-.>7 

1-73 

1-37   , 

'           5 

3-7' 

4 

.63 

3-f>9  ' 

"^     6.21 

7-74 

6.14 

4 

1. 4  J 

,    I. Si 

1-41   ' 

4 

3-7^> 

4. 

.71 

3-74   1 

4!   6.2S 

7 -83 

6.21 

3 

I  .^0 

r .  SS 

I  .>o    1 

3 

3-'^-' 

A- 

.78 

^.80 

3    6.36 

7-92 

6 .  20 

2 

i.\(^ 

i.()6 

I.^0 

■> 

.;; .  SS 

4- 

•85 

3-«5   ' 

2    6.43 

S.oi 

6.36 

I 

1.C.2 

2.04 

I  .f>: 

1            I 

3-04 

4- 

•93 

3-0' 

i!  6.50 

S.io 

6.43 

0 

\  Jh) 

J.  I  J 

I  .  ()S    , 

0 

1 

4.00 

0 

5- 

.00 

3-<^7 

0 

6.57 

S.18 

6.50 

0.996^^ 

^-75 

2 .  20 

1.74  : 

1 
'o.oo-?o 

4.06 

5" 

.08 

4-03  1 

0 . gSSq 

6.64 

S.27 

6.^7 

8 

I.  Si 

■t    -> " 

I  .So 

8 

4-12 

5" 

.16 

4-00 

8 

6.71 

S.36 

6.63 

1.S7 

-'•35 

I  .S()   1 

/ 

4.19 

5- 

.24 

4.16 

/ 

6. 78 

«.45 

6.70 

6 

I  .i)\ 

-^•43 

i-0.> 

0 

4.25 

5- 

32 

4.22  , 

6 

6.86 

•^•54 

6.78 

5 

2.CX) 

2.51 

1. 00    ' 

5 

4.31 

5- 

-39 

4.28 

5 

6-93 

8.63 

6.S5 

4 

2.06 

2.5S 

2.05 

4 

4.37 

5- 

-47 

4-34 

4 

7-00 

8-72 

6.Q2 

3 

2.1  I 

2.62 

2.10 

3 

4-44 

5- 

-55 

4.40 

3 

7.07 

8.80 

6.99 

2 

2.17 

2.72 

2.16 

2 

4.50 

5- 

-63 

4.46 

2 

7-13 

8.88 

7.05 

I 

2.22 

2-70 

2.21 

I 

4.56 

5- 

71 

4-52 

I 

7  20 

8.96 

7.12 

0 

2.28 

2.86 

2.27 

0 

4.62 

5- 

78 

4.58 

0 

7-27 

9.04 

7.19 

2  FOOD  INSPECTION  AND  ANALYSIS. 

SPECinC  GRAVITY  AND  PERCENTAGE  OF  ALCOHOL— (Cao/iwxed). 


IJ.6"C. 

AbsolutB  AIi«bo 

Absolute  AltohuL 

AbKiluta  AlcoboL 

£" 

S. 

Gram. 

^:-'s. 

iS'^'t 

Grim. 

Spec. 

(SlTl 

a-t 

Gmtu 

by 

byV-i 

by  Vol- 

by 

by  V„i 

Weight 

100  cc. 

Weight 

100  cc. 

WeLHht 

ISO   IX. 

0.9879 

7-33 

9-13 

7.14 

0.9839 

;;■'" 

•3-5' 

'"■73 

0-9779 

14.91 

is.je 

14-58 

s 

7.40 

9.JI 

31 

8 

00 

J3 

62 

10.81 

8 

.5 

18 

48 

14.66 

7 

7-47 

37 

7 

13 

7' 

.0.89 

7 

'5 

iS 

5« 

(, 

7-53 

9-37 

43 

6 

13 

8. 

10.95 

6 

15 

"7 

18 

68 

^4^83 

5 

7.60 

9-4S 

5° 

S 

13 

13 

11-03 

5 

'5 

'5 

18 

78 

14-90 

7.67 

9-54 

57 

3" 

'3 

99 

4 

15 

13 

iS 

88 

■  4.98 

; 

7-73 

g.6i 

63 

; 

38 

14 

09 

il!!8 

; 

'5 

4" 

18 

98 

15-07 

7.80 

9.70 

70 

46 

>4 

18 

II.JI3 

IS 

50 

'9 

08 

I5-'4 

7.87 

9.78 

77 

54 

14 

^7 

11-33 

■5 

58 

19 

18 

15.11 

«[  7-93 

9.86 

83 

" 

62 

M 

37 

'5 

6j 

28 

15.30 

0.9869'  S.oa 

9.05 

89 

0.9S19 

69 

14 

46 

It. 48 

0.9769 

'5 

75 

19 

39 

15.38 

8 

8.07 

8 

77 

14 

S6 

.1.56 

8 

15 

83 

49 

■5. 46 

7 

a.n 

OJ 

7 

85 

■4 

65 

1..64 

7 

9' 

19 

59 

15-54 

6 

8.21 

8 

6 

92 

74 

It. 70 

6 

1( 

19 

68 

iS-6> 

5 

8.39 

10-30 

a 

'7 

5 

14 

84 

...78 

5 

16 

^ 

19 

78 

15-70 

4 

B.36 

8-43 

10.38 
10.47 

8 
8 

'4 

31 

5!" 

ol 
15 

'4 
15 

9; 

.1.85 
11.92 

4 
3 

16 
16 

■5 
'J 

"9 

87 
96 

15.76 
'S-84 

8.50 

10.S6 

3 

38 

'3 

'5 

16 

3' 

15.90 

■8-57 

.0.65 

8 

45 

31 

15 

ii'.oB 

16 

38 

"i 

iS-99 

0   S.ti4 

to.73 

8 

5^ 

0 

" 

38 

■5 

30 

12.14 

16 

46 

30 

t6.o6 

0.9859!  8.71 

10.81 

S 

58 

0.9809 

11 

46 

IS 

40 

13     23 

0.97^9 

16 

54 

20 

33 

16- IJ 

8 

8.79 

8 

66 

a 

54 

15 

49 

12.30 

8 

,6 

43 

i6.ai 

8.86 

8 

73 

( 

62 

15 

58 

12.37 

7 

16 

69 

5» 

16.28 

8.93 
9.00 

11.08 

8 
8 

80 
87 

s 

I2 

69 

11 

'5 

68 
7? 

13.51 

5 

16 

20 

61 
7' 

"6.35 

16.43 

9-07 

ii'.if, 

8 

93 

4 

'5 

86 

12.59 

16 

ll 

80 

16.50 

9.14 

"■35 

9 

3 

9' 

'S 

96 

12.66 

3 

1.7 

89 

'iv 

9 

07 

13 

16 

05 

11.74 

■  ; 

08 

99 

16-65 

II. 51 

9 

14 

■3 

oS 

16 

11.81 

"7 

'7 

09 

16.74 

0   9.36 

1 1. 61 

' 

0 

13 

15 

Id 

'4 

13.S9 

0 

^7 

15 

21 

"9 

16,81 

0.9849    0-4.1 

11.70 

!> 

« 

0.9799 

13 

^3 

16 

33 

.2.96 

0.9749 

17 

33 

21 

29 

16.89 

8   9.50 

.1.79 

9 

it 

8 

IL 

16 

i3 

13-03 

8 

3? 

16.97 

■■ 

MLCOHOUC  BEyERAQES. 


SPECIFIC  GRAVITY  AND  PERCENTAGE  OF  ALCOHOL— (Ci»«»«w;d). 


6   zo. 


=3.iM  ,8.4a 

=3.38  i8.5<> 

23.48  .8.65 

2J-5«  18-73 


Absolute  Alcota 
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I  i^OOD  INSPECTION  AND  ANALYSIS. 

SPECIFIC  GRAVITY  AND  PERCENTAGE  OF  \LCaaOlj—(ConliHued). 


AlHfluK  Alcohol. 

AIhoIuIc  Ale 

ohol. 

Sp«. 

Spec. 

Sf«d. 

Gr-s.. 

Pit 

Per 

Grav. 

Per 

Per 

Ptr 

P»r 

ij.6*C. 

tsin 

Ctnl 

Cent 

Crnt 

Cent 

by  VdI- 

100 

hy  Vol- 

""" 

by 

by  Vol- 

Wciliht 

Weight 

WeiRht 

.00  ec 

«-95;9 

19-93 

36..J 

18.67 

0.9529 

3' -94 

39-54 

31.38 

0-94791  35-55 

4J-45 

33-70 

8 

30.00 

36 

28 

73 

8 

33-00 

39-6' 

31-43 

8 

3i-6o 

43.51 

35 -7S 

7 

30.06 

36 

16 

28 

78 

7 

33-06 

39-68 

3>-48 

7 

35-65 

42-56 

33-79 

6 

30.11 

36 

3' 

28 

81 

6 

33-" 

39-74 

3'-53 

6 

35-70 

43.62 

33-83 

5 

30-"7 

36 

39 

28 

88 

5 

33. '8 

39.8, 

3' -59 

5 

35-75 

4'.67 

33-88 

3°-=" 

36 

45 

18 

93 

33-" 

39-87 

3' -63 

35-80 

43-73 

ii-')* 

3 

30..8 

36 

5' 

iS 

98 

3 

33 -'9 

39-94 

3'-69 

3 

35-85 

42.78 

33.97 

30-33 

36 

57 

39 

°i 

33-35 

40.01 

3' -74 

35-90 

43.84 

34.01 

30-39 

36 

64 

08 

33-41 

40.07 

31.80 

35-95 

42.89 

34.05 

" 

30-44 

36 

7° 

=9 

'3 

° 

33-47 

40.14 

31.86 

" 

36.00 

4^-95 

34-09 

0.9569 

30-5° 

36 

■6 

»9 

18 

o-95'9 

33-53 

40.10 

3'-9i 

a. 9469 

56.06 

43 -o' 

34- M 

8 

30-S6 

36 

t^ 

13 

8 

33-50 

40.17 

,,..96 

8 

36.1. 

43-07 

34-09 

30.6. 

36 

89 

'1 

7 

33 -6S 

40.34 

32.01 

7 

36- '7 

43-'3 

34 -'4 

6 

30-67 

36 

95 

»9 

33 

6 

33-7' 

40.40 

3»-°7 

6 

36.22 

43- '9 

34-^8 

5 

i^.ll 

37 

29 

38 

5 

.13-76 

40.47 

32.13 

5 

36.28 

43 -»6 

34-34 

30.78 

37 

08 

*J 

4 

33-8' 

40.53 

3^-'7 

4 

36-33 

43-3f 

34. 3« 

■ 

3° -83 

37 

29 

48 

c 

33-88 

31.22 

; 

36-39 

43-38 

34.44 

3''-89 

37 

at) 

53 

33-94 

40.67 

3»-'7 

36.44 

43-44 

34-4S 

30 -94 

37 

3; 

ag 

58 

34-00 

40.74 

3I-3I 

36-50 

43-50 

34.54 

° 

31.00 

37 

34 

39 

63 

° 

34-05 

40.79 

3'-37 

0 

36-56 

43.56 

34. sa 

W-95S9 

it.ot, 

37 

41 

19 

69 

0.9509 

34 -lo 

.40-84 

32.41 

0.9459 

36.61 

43-63 

34-63 

8 

31. II 

37 

48 

z* 

8 

34 -14 

40.90 

3^-45 

8 

36.67 

43-69 

34.69 

7 

3'-'9 

37 

55 

19 

81 

7 

34.19 

40.95 

3^-49 

7 

36-7' 

43-75 

34.73 

6 

3l-»S 

37 

ti 

29 

86 

6 

34-14 

41-00 

3= -51 

6 

36.78 

43-8' 

34-79 

5 

31-3' 

37 

*? 

29 

9' 

S 

34-19 

41.05 

33-. 59 

36.83 

43-87 

34-83 

4 

31-37 

37 

76 

97 

34-33 

41.11 

31-63 

36-89 

4.1.93 

34,88 

; 

31-44 

37 

83 

30 

03 

3 

34.38 

4.-16 

32.67 

3 

36.94 

44-00 

34.9; 

3" -50 

37 

90 

3° 

09 

34-43 

41.21 

3='-7' 

37-00 

44-06 

34-96 

31-56 

37 

97 

30 

34-48 

41-26 

3^-75 

37.06 

44.12 

SS-"* 

31.63 

38 

OA 

30 

20 

° 

34-51 

4>-3' 

32-79 

37." 

44.18 

3S-OT 

•■9549 

31,69 

38 

,■ 

30 

26 

0.9499 

34-57 

4>-37 

3' -84 

0,9449 

37-17 

35-" 

S 

31-75 

38 

t8 

30 

8 

34.62 

41.41 

81  37-" 

44-30 

35.'a 

.U.S. 

38 

aj 

.10 

36 

rl  ^T-^» 

44-36 

35-2' 

1 

^LCOHOUC  BEyEIL4GES.  S3S 

SPECIFIC  GRAVITY  AND  rEftCENTAGE  OF  ALCOHOL— (CoBffBwrf). 


AbBjluM  Alcohol. 

AbBOluW  AlMhol. 

„.Sc. 

Absolute  AlcohoL 

as;-. 

„.Sc. 

Con't 
by 

iii. 

°sr 

by 

Gnm. 

Psr 
by 

bvV^l- 

Cr.n.s 
per 

IDOCC. 

Weight 

100  CI. 

WciRht 

100  cc. 

o.94ig 

38.. a 

"^r^ 

36.08 

0.9370 

40.85 

48  26!  3S.31 

0.9329,   43-29 

50.87 

40.38 

8 

3«-33 

45-53,  36 

'3 

8 

40.90 

48 

32 1  38 

35 

8   43.. 13 

40.4a 

7 

38-39 

45-59 

36 

.S 

7 

40.95 

48 

J7,  38 

39 

7    43-39 

50.q;l   40.45 

6 

33-4+   43-<>5 

36 

48 

43'  38 

6   43  43 

51.0;    40.50 

5 

38-5°'  45-7' 

36 

5    tj;^ 

48 

48,  38 

48 

5i  43.48 

51.07'   40.54 

38.56,  45-77 

36 

33 

48 

54    38 

4I  43-5= 

51. .3J   40.58 

3 

38.6,    45-83 

36 

38 

31  41-15 

48 

59    3fi 

5S 

3   43.57 

51.17    40.61 

^ 

38.67,  45-8') 

36 

43 

48 

=■  43. 6j 

;i.i2|  40.66 

38.72    45-'>5 

36 

48 

I    4>-aS 

48 

JO    '^8 

r.6 

1    43-67 

51.37,  40-70 

° 

38.7.^1  46.0) 

36 

53 

0   41-30 

48 

75    3« 

70 

0   43-7' 

51.321  40.74 

W.94111 

38.8,,!  46.0S   36 

57 

0,9360'  41-35 

48 

80   38 

74 

t>-93'9    43-76 

51-3R   40.78 

H 

38.80;  46.14   .16 

63 

8]   4>-40 

48 

86   38 

78 

8,  43-81 

5'-43'  40.8: 

7 

3S.D4I  46.20   36 

67 

71  41.45 

48 

91,  .18 

7    43-86 

51.48    40.R5 

3D. DO    41^-2''    36 

&!  41-50 

48 

97    38 

87 

6,  43-9° 

51.53    40-8^ 

S 

39.05    46.33    3*^ 

:6 

s  41. ss 

49 

<",  38 

51.  vH 

40-<.)3 

4 

39.10 

46-37,  36 

So 

41.6a 

49 

07    38 

95 

44-00 

40.97 

3 

30- IS 

46.41    36 

85 

; 

41-65 

49 

'3;  3S 

99 

51-6H 

30.10 

46-48,  36 

89 

41.70 

49 

18 

44  09 

51-72 

Vi% 

1 

39-35 

46-53I  36 

'i 

41-75 

49 

39 

08 

44.14 

5"-77 

41.09 

° 

39-3'' 

46.59 

36 

98 

° 

41.80 

49 

29 

39 

'3 

0 

44-18 

S1.82 

41    13 

09409 

3g.35 

46.64 

OJ 

0-9359 

4>-8s 

49 

34 

39 

'7 

0-9309 

44-23 

S'-S? 

41.17 

8 

39-40 

46.70 

OJ 

8 

41.90 

49 

40 

39 

8 

5'-9' 

7 

39-45 

46.75 

41-95 

49 

39 

7 

44-32 

51.96 

41.24 

39.50 

46.80 

'S 

6 

49 

SO 

39 

30 

6 

44-36 

52-oc 

4r.28 

S 

39-55 

46.86 

19 

S 

42-05 

49 

55 

39 

34 

S 

52.06 

41.31 

39.60 

46.91 

33 

41.10 

49 

61 

39 

38 

44-46 

52.10 

41.35 

3 

39-65 

46.97 

37 

; 

43.14 

49 

66 

39 

3 

44-50 

52-15 

39-7° 

i^ 

42.19 

49 

71 

39 

46 

44-55 

52-20 

41.43 

3") -75 

47.08 

36 

76 

39 

50 

44-59 

41.47 

° 

39.80 

4,.,.,[  37 

■11 

" 

4J.a9 

49 

81 

39 

54 

° 

44.64 

52.29 

41-SI 

0.9391 

39.85'  47. .8'  37 

45 

0.934' 

41-33 

49 

86 

39 

58 

a.9290 

44.68 

5  = -34 

1 

R 

^::°-'  t'^i  % 

53 

: 

43.38 

41-43 

49 
49 

"i 

39 
39 

66 

-        I 

44.73 
44-77 

'"-4^ 

41 -63 

40.00   47.3.1I  37 

5" 

41.48 

5° 

39 

70 

6 

44-8J 

5J.4( 

4o.^<:  4;.40|  .,7 

s 

4:1.52 

50 

06 

5 

44. 8( 

520.1 

4 

4^-57 

5° 

■  1,  39 

78 

4 

5-- -58 

; 

JoiJi «:'»! ;!; 

3 

42.(1:. 

SO 

■6J   59 

82 

3 

44-96 

52-6,1 

■11-77 

42-67 

50 

86 

4T.S1 

40.15'  47. 0!    ,37 

So 

42.71 

26I   30 

41.8=: 

" 

4...,o,  47.»7    37 

K4 

0  42.76 

SO 

31,  39 

'H 

0 

45.09 

52.77 

41. Sy 

«i.9j8i. 

40.35I  47.7J  37 

BS 

0.9330'  4s.8r 

i" 

37'  39 

oS 

0.92S9 

45-14 

5^.8. 

41-91 

8 

40.40   47-7«    37 

a  4=-a6 

SO 

8 

52-87 

41.97 

40-4;'  47-«3    37 

96 

7  43-90 

50 

47    40 

06 

7 

6 

41.95 

50 

S'l  40 

6 

io.l^^  47-'M    3N 

; 

43.00 

SO 

57,  40 

5 

t'M 

53-01 

42.08 

4 

09 

43-05 

50 

62    40 

18 

4 

53.06 

42.12 

.1 

40-f>5 

'3 

.- 

43.10 

50 

67    40 

3 

45-41 

53- 'o 

42.16 

J 

40.70 

4«.lo'  38 

iS 

43-13 

SO 

72I  40 

26 

45.46 

53- '5 

42.19 

4°-7i 

4H.]6|  38 

43- "9 

50 

77|  40 

30 

45.. 50 

53-20 

42.23 

" 

40.B0 

4S...|  38-7 

" 

43.24 

50.821  40.34 

0 

45.55 

53-S4 

41-17 

53*  «X)Z)  INSPECTION  AND  ANALYSIS. 

SPECinC  GRAVIXy  AND  PERCENTAGE  OF  ALCOHO^-{C««*l«ii«0. 


Ab«1ut* 

AlcohoL 

Ab«iut= 

Aicuhul. 

Abuluta 

Alcohol. 

Sp.e. 

Spec. 

Sp«. 

G™v. 

Per 

Per 

Gr.v. 

Per 

Per 

Grav. 

p„ 

P.r 

.j."c. 

Cent 

c™t 

Cent 

11."  C 

Cent 

C«it 

by 

by  Vol- 

by 

by  Vol- 

by 

by  Vol- 

Wright. 

Weight. 

Wright. 

o,9»79 

45-59 

53-29 

o.pjjg 

47-86 

55-65 

0.9179 

SO.  13 

57-97 

45 

64 

53-34 

8 

47 

91 

55 

69 

8 

50-17 

58 

7 

45 

68 

53-39 

47 

96 

55 

74 

7 

50.11 

S8 

06 

6 

45 

73 

S3-43 

6 

48 

00 

55 

79 

6 

50.16 

S8 

S 

4S 

77 

53.48 

■       5 

48 

05 

55 

8,1 

5 

50-30 

ss 

14 

45 

8a 

53-53 

4 

48 

09 

55 

8S- 

4 

50-35 

S8 

>9 

3 

45 

86 

53.58 

3 

48 

55 

93 

3 

50.39 

58 

'3 

45 

91 

53 -6J 

48 

18 

55 

97 

50.43 

58 

18 

45 

96 

53-67 

48 

'3 

56 

50.48 

58 

3» 

° 

46 

53-7= 

° 

48 

27 

56 

07 

° 

50-5' 

58 

J6 

0.9.69 

46 

05 

53-77 

o.9»i9 

43 

32 

56 

,, 

0.9169 

50-57 

58 

41 

8 

46 

09 

53-8' 

8 

48 

36 

56 

16 

8 

50.61 

58 

45 

7 

46 

14 

53-86 

7 

48 

41 

56 

7 

50-65 

58 

50 

6 

46 

18 

53-9" 

6 

48 

46 

56 

^S 

6 

50.70 

sS 

54 

5 

46 

n 

53.^5 

5 

48 

50 

56 

30 

5 

50.74 

58 

58 

46 

^7 

54.00 

4 

48 

55 

56 

35 

so- 78 

58 

63 

3 

46 

i' 

54.05 

3 

48 

59 

56 

3 

50.81 

58 

67 

46 

36 

54- "o 

48 

64 

56 

44 

30.87 

58 

46 

54.14 

48 

68 

56 

49 

50. g  I 

■;8 

76 

» 

46 

46 

54.  "9 

0 

48 

73 

56 

54 

0 

50-96 

58 

80 

•""'i 

46 

so 

54.14 

0.9109 

48 

77 

56 

58 

0.9159 

SI. 00 

58 

8s 

46 

55 

54.19 

8 

8j 

63 

8 

S« 

89 

7 

46 

50 

54.33 

7 

4f 

86 

5'' 

63 

7 

51^^ 

58 

93 

6 

46 

64 

54.38 

6 

56 

71 

6 

S1-13 

58 

97 

5 

■*$ 

68 

S4.4,-i 

5 

48 

96 

56 

77 

5 

5'. 17 

59 

4 

46 

73 

54.47 

49 

3i 

SI. 11 

59 

OS 

3 

46 

V 

54. 5  J 

3 

56 

86 

3 

51.25 

59 

09 

46 

Si 

54. 57 

49 

08 

90 

5' -'9 

59 

>4 

46 

86 

54-6. 

49 

\fi 

5'.33 

59 

iS 

° 

46 

9" 

54-66 

0 

16 

56 

98 

1            0 

S.-38 

59 

31 

0.9J49 

46 

g6 

54.71 

0.9190 

40 

10 

c,. 

01 

'  0.914^ 

51-41 

59 

j6 

S 

47.00 

54.76, 

Proof  8 

57-"''' 

8 

59 -JO 

1 

1 

1 
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SPECIFIC  GRAVITY  AND  PERCENTAGE  OF  ALCOHOL— (Ci»ift'«m«^. 


Ep«. 

Ab.olat. 

AlciilwL 

Spec 

Abuluts 

Aloobol. 

Abwlute 

AlcohoL 

Spec. 

Grav. 

P« 

Per 

GiBV. 

Per 

Per 

Grav. 

P« 

Prr 

is."c 

Cent 

Cml 

...S^C 

c™t 

Cent 

li.'-C. 

by 

by  Vol- 

by 

b/Vol- 

by  Vol- 

WL-iHht. 

Wright. 

W..lKht- 

K.gtlg 

5^-27 

60. ij 

0.9079 

54.5a 

62   36 

0.9039 

^6.82 

64.63 

6 

51-3' 

60.16 

8 

54 -57 

6j 

8 

56.86 

64.67 

5^.j6 

60.21 

7 

54-6» 

61 

45 

7 

56,9. 

64.71 

5'-+; 

60.15 

6 

54.67 

62 

50 

6 

56.1)5 

64.76 

60.30 

5 

54.71 

62 

55 

5 

57-00 

64.80 

5^-5° 

60.34 

4 

54.76 

62 

60 

57 -tH 

64.85 

S'->S 

60.39 

3 

54-81 

63 

65 

3 

57.08 

64. So 

5'-5<) 

60.44 

54.86 

61 

69 

57- 'J 

64 -93 

51.6+ 

60.47 

54.90 

62 

74 

57-'7 

64.07 

5».68 

fe.5^ 

° 

54.95 

62 

79 

° 

65-01 

C.9M9 

Si.73 

6o.sfi 

0.9069 

55-00 

62 

S4 

0.9019 

57-^5 

65-05 

51-77 

60.61 

8 

55-05 

62 

88 

8 

57-^') 

65.09 

5'.a= 

60.6; 

7 

55.09 

62 

93 

7 

57-33 

65  M 

5^-86 

60.  ;o 

6 

SS-'4 

62 

97 

6 

57-38 

65.(7 

51.91 

60.74 

5 

5S-'8 

63 

5 

57-4' 

65.21 

5^-95 

60.79 

4 

55 -'3 

63 

06 

57  ">6 

65-35 

53-™ 

fc.85 

3 

55-37 

63 

3 

65-29 

53-04 

60.89 

55-33 

63 

>5 

57-54 

65-33 

S3 -09 

60.93 

55-36 

63 

57-58 

65.37 

S3-13 

60.97 

° 

55-41 

63 

34 

° 

57.63 

65-4- 

B.9109 

S3-'7 

61.01 

o.pojg 

55-45 

63 

3S 

0.9009 

57-67 

65.4s 

8 

i3-" 

61.06 

8 

55 -50 

63 

33 

S 

57-7t 

65-49 

7 

S3.'6 

61.10 

7 

55-55 

63 

37 

7 

57-75 

65-53 

6 

Si- 3" 

61 -IS 

6 

55.59 

63 

6 

57-79 

65-57 

5 

53-35 

6..  19 

5 

55.64 

63 

46 

5 

57-83 

65-61 

4 

53-39 

61-13 

4 

55-68 

63 

51 

4 

57.88 

65.65 

3 

53-4.1 

61.  aS 

3 

55-73 

63 

55 

3 

57 -0" 

65.69 

53-43 

6.. 31 

SS.77 

63 

60 

57-06 

65-73 

5J-S2 

61.. t6 

55. 8« 

63 

64 

58.00 

65-77 

° 

53.57 

61.4a 

° 

55-86 

63 

69 

0 

5S.05 

65.81 

o.SKxw 

S3.6. 

61-41 

0.9040 

55-91 

63 

73 

0.8999 

5S.09 

65-85 

S 

53-65 

61.40 

S 

55.95 

63 

78 

8 

58.14 

65  .90 

^ 

53- ;o 

6" -5.1 

.56.00 

63 

82 

7 

^a.is 

6^.04 

5 

53-74 
S3-J8 

61.  iS 

5 

l^^J, 

63 

63 

87 

5' 

58-33 
58.27 

65.<«, 
fi.,.o,i 

53.  a,) 

61.66 

<;6.i4 

63 

</> 

4 

'>8-3i 

66.07 

3 

S3-N7 

2;:;; 

■J 

56.18 

56.  IS 

64 
64 

00 

05 

.1 

5N-.i6 
58. 4. 

5;l-"^> 

61.70 

56.37 

64 

iS-4S 

66^21 

° 

fi...'<4 

Q 

S6.3. 

64 

14 

° 

58-50 

66.25 

o.goKd 

M-oq 

fii.RS 

0.90.19 

56.36 

64 

18 

0.89&J 

.5-'<.55 

(.6.. -9 

56-41 

64 

8 

S«-^9 

fil.rjH 

- 

56-45 

64 

18.64 

66.. ,8 

6 

54-") 

62.0, 

56-. 10 

64 

3' 

6 

5«.6S 

66.43 

54-=-; 

62.07 

56-55 

64 

36 

58-73 

W..47 

54-29 

63.. I 

56-59 

64 

40 

.■i8-77 

3 

54-33 

62. .7 

56.64 

64 

45 

5N.N2 

66:56 

54-18 

62.22 

56.68 

64 

40 

58.86 

66.60 

54-43 

61.26 

56.73 

64 

54 

' 

58.9. 

66.6s 

° 

54-48 

"■'■ 

56.77 

64 

ss 

.18.95 

66.69 

538 


FOOD  INSPECTILN  AND  ANALYSIS. 
SPECIFIC  GRAVITY  AND  PERCENTAGE  OF  ALCOHOI^-(Cimtf«i<«0. 


Abulute 

Alcohol. 

Absolute 

AlcuhQl. 

Ab»lute 

Alcohol. 

Spec. 

Spec. 

Sp«. 

Oimv. 

P« 

Per 

Gnv. 

Per 

Per 

Cmv. 

Per 

Per 

Cent 

Cent 

ij.S'c, 

Cot 

Caa 

Ont 

Cent 

by 

by  Vol- 

by 

by  Vol- 

by 

by  Vol- 

Weight. 

ume. 

Wrighl. 

WdBht. 

0.8979 

59  00 

66.74 

0.8929 

61.. 3 

es. 76 

0.8879 

63  30 

70.8. 

B 

59 

66.78 

s 

61.17 

68 

80 

8 

63 

35 

70-85 

7 

59 

«) 

66.83 

7 

61. 3> 

68 

83 

7 

63 

39 

70.4 

6 

59 

■3 

66.86 

6 

61.35 

68 

87 

6 

63 

43 

70-93 

S 

59 

'7 

66.qo 

5 

68 

91 

S 

63 

48 

70.97 

59 

66.94 

fit.  33 

68 

95 

63 

5= 

71.01 

3 

59 

25 

66.99 

3 

61.38 

68 

99 

3 

63 

57 

7. -OS 

59 

i° 

67.03 

61.42 

69 

03 

63 

61 

71.09 

59 

35 

67.07 

61.46 

69 

07 

63 

es 

7'-"J 

° 

59 

39 

6;.  11 

" 

61,50 

69 

" 

° 

63 

70 

71.17 

...8969 

59 

43 

fij-'S 

0.8919 

61.54 

69 

'S 

0.8869 

63 

74 

JI-M 

S 

59 

48 

67.19 

8 

61.  s8 

69 

■9 

8 

63 

s 

7..a«S 

7 

59 

5» 

67- '4 

7 

6i.6i 

69 

7 

63 

71-30 

6 

59 

57 

67 -a8 

6 

6r.67 

6q 

36 

6 

63 

87 

71-34 

S 

59 

61 

67-3' 

5 

6.. 7. 

69 

3° 

S 

63 

9> 

7r.3« 

59 

6s 

67.36 

6'-7S 

69 

34 

63 

96 

71.4a 

3 

59 

70 

67.40 

3 

61.79 

69 

38 

3 

64 

71  46 

59 

74 

67.44 

61.83 

69 

43 

64 

04 

71-50 

59 

78 

67.49 

61,88 

69 

46 

64 

09 

7"-54 

" 

59 

83 

67-53 

° 

61.92 

69 

50 

° 

64 

13 

71-58 

«-*959 

59 

87 

67.57 

0.8909 

61.96 

69 

54 

0.8859 

•64 

17 

7t.6a 

S 

59 

91 

67-6. 

S 

63.00 

69 

8 

(S4 

71.66 

7 

59 

96 

67.65 

7 

62'°^ 

69 

7 

64 

26 

71-70 

6 

60 

67.69 

6 

69 

66 

6 

64 

30 

71-74 

S 

60 

04 

67-73 

5 

62.14 

69 

71 

S 

64 

35 

71.78 

60 

08 

67.77 

63.  iS 

69 

75 

64 

39 

71.8^ 

3 

60 

>3 

67.3, 

63.33 

69 

29 

3 

64 

t 

71.86 

60 

67.8s 

62.27 

69 

84 

64 

71-90 

60 

67.89 

62.33 

69 

88 

64 

S^ 

7'-94 

° 

60 

a6 

6J.« 

63.36 

69 

93 

" 

64 

57 

71.98 

o.apjo 

60 

39 

67.97 

0.8899 

62.41 

69 

96 

0.884Q 

64 

61 

73-©! 

8 

fa 

68.01 

8 

62.45 

70 

01 

a 

64 

65 

73.06 

■1 

ALCOHOLIC  BEVERAGES.  S3<) 

SPECIHC  GRAVITY  AND  PERCENTAGE  OF  ALCOHOL— (Coni.nwd). 


AbuluU  Alcobol. 


ft! -lift 

U-i» 

6ft..  3 

66.  ,7 

73 -)6 

73-54 

66.30 

73-57 

W.3S 

66.  ^g 

nM 

73-69 

73-73 

66.5  = 

73-77 

66.61 

66.65 

71 -sg 

73  .''J 

.(8 

.6, 

.67 

74 

■7< 

74 

■7S 

74 

.8, 

74 

75 

.90 

.00 

75 

.08 

T-; 

■■-1 

7S 

■  n 

75 

75 

■'S 

75 

.»■» 

-11 

-38 

75 

■4> 

75 

75 

.58 

75 

75 

.67 

75 

■7« 

75 

75 

75 

■81 

75 

■-Qft 

70 

.04 

76 

.08 

■1,1 

1" 

-■7 

■" 

7<> 

76 

.29 

76 

■11 

76 

.,» 

76 

.46 

76 

.so 

76 

-S4 

76 

.?M 

76 

■OJ 

76 

Alwolule  AlcohoL 


6q.67 


6  1      &).7 
5  I     6i,.S 


76.68 
76.71 
76.76 


77 -a* 

77-36 

77-39 
77-43 
77.46 
77.5a 
77-53 
77-57 


77. fi? 


7S.:'S 
I      78-19 
78-33 
1.67  78.36 


540  FOOD  INSPECTION  AND  ANALYSIS. 

SPECIFIC  GRAVITY  AND  PERCENTAGE  OF  ALCOHOL— {Ce»ii«iii«0. 


. 

Ab«lu« 

AkohoL 

AbuluuAlcQhoL 

AfcohoL 

Gr.v. 

^v: 

^.■. 

Per 

Per 

Per 

Per 

Per 

Per 

Ij.S-C 

Cent 

Cent 

Cent 

Cent 

•Cent 

(^t 

by 

by  Vol- 

by 

by  Vol- 

by 

by  VoJ- 

' 

Wdght. 

Weight. 

0.8679 

71.7. 

78.40 

0.8639 

73-83 

80.36 

0.8579 

76.08 

ai.jj 

8 

7' 

75 

78 

8 

73 

88 

80.30 

8 

76- '3 

82.36 

7 

71 

79 

78 

47 

7 

73 

9^ 

80 -33 

7 

76..  7 

81.30 

6 

71 

83 

78 

51 

6 

73 

96 

80-37 

6 

76.2t 

Sj.M 

7' 

88 

78 

55 

S 

74 

So. 40 

5 

76-'5 

8.-5? 

71 

gj 

78 

58 

74 

05 

80.44 

76.39 

8>.40 

71 

96 

J3 

61 

3 

74 

09 

80.48 

3 

76.33 

8>.M 

72 

78 

66 

74 

14 

80.53 

76-38 

S..4? 

V 

73 

o4 

78 

70 

74 

18 

80.56 

76.43 

8..51 

7:" 

09 

78 

73 

° 

74 

»3 

80.60 

0 

76.46 

8..54 

0.8669 

73 

'3 

78 

77 

o.S6t9 

74 

17 

80-64 

0.8569 

76.50 

81.58 

8 

7' 

■7 

78 

81 

8 

74 

i' 

30.63 

8 

76.S4 

83.61 

7 

71 

78 

85 

7 

74 

36 

80.73 

7 

76.58 

82.6s 

6 

7» 

26 

78 

89 

6 

74 

80.76 

6 

76.63 

8..<>, 

5 

7' 

30 

78 

93 

5 

74 

45 

80.80 

5 

76.67 

8,.f; 

7' 

3S 

78 

96 

74 

50 

80.84. 

4 

76.71 

82.76 

3 

7= 

39 

79 

00 

3 

74 

55 

80.88 

3 

76-75 

82.7, 

7^ 

43 

74 

59 

80.92 

76.79 

8..83 

73 

48 

79 

08 

74 

64 

80.96 

76.83 

82.86 

0 

7= 

S' 

79 

la 

" 

74 

68 

81.00 

" 

76.88 

82.56 

0.8659 

73 

5T 

79 

16 

0.8609 

74 

73 

81.04 

0.8559 

76.93 

S2.g,l 

8 

7^ 

6. 

79 

■9 

8 

74 

8 

76.96 

82.,', 

7 

7» 

63 

79 

'i 

7 

74 

S3 

81!, I 

7 

77.00 

S3.00 

6 

71 

70 

79 

37 

6 

74 

86 

81.  t6 

6 

77-"^ 

8,!.  04 

5 

74 

79 

3' 

5 

74 

81.  JO 

5 

77.08 

«3."7 

3 

7' 
71 

78 
83 

79 
79 

35 

39 

4 
3 

74 
75 

95 

8..  34 
81.18 

4 
3 

77-13 
77-'7 

S3..1 
8].. 4 

72 

87 

79 

75 

OS 

81.33 

77.21- 

83.18 

^3 

91 

79 

46 

75 

00 

81.36 

77-'5 

83.2, 

0 

T 

96 

79 

5° 

° 

75 

14 

81.40 

° 

77-^9 

B3..S 

0.8649 

73 

00 

79 

54 

0.8599 

75 

.3 

8.. 44 

0.8549 

77-33 

83.28 

8 

73 

°4 

79 

57 

a 

75 

'3 

81.48 

8 

77-38 

?^^^^ 

1 

1 

1 
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SPECIFIC  GRAVITY  AND  PERCENTAGE  OF  KLCOUOl^-^CafUinuid). 


r« 

Absolute  AlcohoL 

Spec. 

Abaolute  Alcohol. 

Spec.' 

Absolute  AlcohoL 

Spec. 

Grav. 

Per 

Per 

Grav. 

Per 

Per 

Grav. 

««4 

Per 

Per 

at 
15.6*  C. 

Cent 

Cent. 

at 
I5.6«C. 

Cent 

Cent 

at 
iS.6®C. 

Cent 

Cent 

by 

by  Vol- 

by 

by  Vol- 

by 

by  Vol- 

Weight. 

ume. 

Weight. 

ume. 

Weight. 

ume. 

0.8529 

78.16 

83.98 

0.8479 

80.17 

85.63 

0.8429 

82.19 

87.27 

8 

78.20 

84.01 

8 

80.21 

85.66 

8 

82.23 

87-30 

7 

78.24 

84.04 

7 

80.25 

85.70 

7 

82.27 

87-34 

6 

78.28 

84.08 

6 

80.29 

85.73 

6 

82.31 

87.37 

5 

78.32 

84.11 

'             5 

80.33 

85-77 

5 

82.35 

87.40 

4 

7»-36 

84.14 

4 

80.38 

85.80     ' 

4 

82.38 

87-43 

3 

78.40 

84.18 

3 

80.42 

85-84 

3 

82.42 

87.46 

2 

78.44 

84.21 

2 

80.46 

85.87 

2 

82.46 

87.49 

I 

78.48 

84.24 

I 

80.50 

8:^.00 

I 

82.50 

87-52 

0 

78.52 

84.27 

0 

80.54 

85.04 

0 

82.54 

87-55 

0.8519 

78.56 

«4.3i 

0.8469 

80.58 

85-97 

0.8419 

82.58 

87-58 

8 

78.60 

84.34 

8 

80.63 

86. or 

8 

82.62 

87.61 

7 

78.64 

84.37 

7 

80.67 

86.04 

7 

82.65 

87.64 

6 

78.68 

84.41 

6 

80.71 

86.08 

6 

82.69 

87.67 

5 

78.72 

84.44 

5 

80.75 

86.11 

5 

82.73 

87.70 

4 

78.76 

84.47 

4 

80.79 

86.15 

4 

82.77 

87-73 

3 

78.80 

84-51 

3 

80.83 

86.18 

3 

82.81 

87.76 

2 

78.84 

84.54 

2 

80.88 

86.22 

2 

82.85 

87.79 

I 

78.88 

84.57 

I 

80.92 

86.25  : 

I 

82.88 

87.82 

0 

78.92 

84.60 

0 

80.96 

86.28 

0 

82.92 

87.85 

0.8509 

78.96 

84.64 

0.8459 

81.00 

86.3a 

0.8409 

82.96 

87.88 

8 

79.00 

84.67 

8 

81.04 

86.3s 

8 

83.00 

87.91 

7 

79.04 

84.70 

7 

81.08 

86.38 

7 

83.04 

87.94 

6 

79.08 

84.74 

6 

81.12 

86.42 

6 

83.08 

87.97 

5 

79.12 

84.77 

5 

81.16 

86.45 

5 

83.12 

88.00 

4 

79.16 

84.80 

4 

81.20 

86.48 

4 

83.15 

88.03 

3 

70.20 

84.83 

3 

81.24 

86.51 

3 

83.19 

88.06 

2 

79.24 

84.87 

2 

81.28 

86.54 

2 

83.23 

88.09 

I 

79.28 

84.00 

I 

81.32 

86.58 

I 

83-27 

88.13 

0 

79.32 

84.93 

0 

81.36 

86.61         ; 

0 

83.31 

SS.J.6 

0.8490 

7Q-36 

84.07 

j  0.8449 

81.40 

86.64 

0.8390 

83-35 

88.19 

« 

70.40 

8:^.00 

8 

81.44 

86.67 

8 

83 -3« 

88.22 

7 

70-44 

85-03 

7 

81.48 

86.71 

7 

83-42 

88.2s 

() 

70  -  48 

8s. 06 

6 

81.52 

86.74 

6 

83-46 

88.28 

5 

70-52 

8q.io 

5 

8i.<;6 

86.77 

5 

83-50 

88.31 

4 

70.56     ' 

85-13 

4 

81.60 

86.80 

4 

83-54 

88. 34 

3 

70 .  60 

8>.iO 

3 

81.64 

86.8^ 

3 

83- vS 

'^'^-37 

2 

70.64 

8q.io 

2 

81.68 

86.87 

2 

8.^02 

8S.40 

I 

70.68 

Sq.23 

1              I 

81.72 

80 .  00 

I 

^7..  <^S 

88.43 

0 

70.72 

85.26 

1 

81.76     ; 

86.03 

1 

0 

83.  (X) 

88.46 

0.8480 

70-76 

8=;.  20 

0-8439  , 

8t.8o 

86.06 

0.8380 

83-73 

88.49 

S 

70.80 

^-:^'^?> 

8 ; 

81.84 

86.00 

8 

83.77  . 

88. S2 

70-84 

85  •  3^^ 

7 

81.88 

87.03 

7 

83-81 

88.55 

6 

70-88     ' 

85-3Q 

6 

81.92 

87.06 

6 

83.85 

88.58 

5 

70-02 

85.42 

5 

81.96 

87. OQ 

5 

8^88     , 

88.61 

4 

70.96     1 

85.46 

4 

82.00 

87.12 

4 

83.92  1 

88.64 

3 

80.00 

85.49 

3 

82.04 

87.15 

3 

83.06 

88.67 

2 

80.04 

85.53 

2 

82.08 

87.18 

2 

84.00 

88.70 

I 

80.08     1 

85.56 

I 

1 

82.12 

87.21       . 

X 

84.04    j 

88.73 

0 

80.13 

85.59 

0 

1 

82.15 

87.24 

I 

0 

84.08 

88.76 
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SPECIFIC  GRAVITY  AND  PERCENTAGE  OF  ALCOHO^-(C«Kwii«rf), 


Ab«lute 

AkfhfJ. 

Ateolute 

Alcnhal. 

Ab»lute 

AJcohoL 

Sp«. 

Spec. 

Spec. 

K^. 

Per 

Per 

Gnv. 

Pw 

Per 

G™v. 

Per 

Per 

,5.?*C. 

Cent 

Cent 

1S.'"C. 

Cenl 

Cent 

Cent 

Cent. 

by 

by  Vol- 

by 

by  Vol- 

by 

by  Vol- 

Wrifiht. 

Weighl. 

ume. 

Weight. 

0.8379 

84.11 

88.79 

0.8339 

86. oS 

90.33 

0.8379 

88. DO 

91.78 

8 

84-16 

88 -83 

8 

86 

90-35 

8 

88 

04 

91.8. 

7 

84.  M 

88.86 

7 

86 

IS 

90.38 

7 

08 

91-84 

6 

84.14 

88.89 

6 

86 

90.40 

6 

88 

5..8r 

84.38 

88.9:, 

5 

86 

23 

90.43 

5 

16 

91.90 

84-32 

88.95 

4 

86 

'J 

90.46 

4 

88 

9>-93 

84-36 

88.98 

3 

31 

90.49 

3 

88 

34 

9.-96 

84.40 

8g.o. 

86 

35 

90.52 

88 

18 

91 .09 

84.44 

89.05 

86 

38 

90-55 

88 

33 

92 .0) 

84. 4S 

89.08 

° 

86 

90.58 

« 

.88 

36 

92.05 

°-»n 

84-5' 

89... 

0.8319 

86 

46 

90.61 

0-8269 

88 

40 

92.08 

84-56 

8g..4 

8 

86 

5° 

90.64 

3 

88 

44 

7 

84.60 

89.17 

7 

86 

54 

90.67 

7 

88 

48 

6 

84.64 

8g..= 

86 

S8 

90-70 

6 

88 

5' 

92:  li 

5 

84.68 

89.24 

5 

36 

62 

9°-73 

5 

88 

56 

84.7^ 

89. J7 

86 

65 

90.76 

4 

88 

60 

92.  J4 

3 

84.76 

89-30 

3 

86 

69 

90.79 

3 

88 

64 

91.37 

84.80 

89-33 

86 

73 

qo.Sj 

88 

68 

9'  ■  30 

84.84 

89-36 

86 

77 

90-85 

88 

7^ 

9I-3J 

° 

84.88 

89-39 

° 

86 

81 

90.88 

° 

88 

76 

92-36 

0.8359 

84.93 

89-41 

0.8309 

86 

8S 

90.90 

0.83S9 

88 

80 

93.. W 

s 

84 -96 

89-46 

8 

86 

88 

9°-93 

8 

88 

84 

93.41 

7 

8s -« 

89.49 

7 

86 

90.96 

7 

88 

92. 4i 

6 

85.04 

895^ 

86 

96 

90.99 

6 

8! 

93 

93.48 

5 

85.08 

89-55 

5 

87 

5 

88 

96 

9'-5> 

85." 

89-58 

87 

9'°3 

89 

9'.S4 

3 

85- -5 

S9-6. 

3 

87 

08 

91. oS 

3 

8q 

91-57 

85.19 

89.64 

87 

89 

08 

93.60 

85- >3 

89.67 

87 

'S 

91-14 

89 

93.63 

° 

85.  "7 

89.70 

° 

87 

'9 

91.17 

0 

89 

16 

91.66 

0.8349 

85 -3> 

89.7^ 

0.8299 

87 

13 

9T.IO 

0.8249 

80 

19 

91. 68 

8 

85JS 

"^Al 

8 

87-27 

8 

89 

23 

l\'l\ 

1 

1 
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SPECIFIC  GRAVITY  AND  PERCENTAGE  OF  ALCOHOL— {Ci"i(.*rt «?</). 


<«-59 

95-67 
93-7° 

9J-75 


93-85 
93-87 
93-90 


C)4.M2 
94.84 
94-87 
94-90 


95.61 
95-6.1 
95.66 
95-69 
95-71 
95-74 
95-76 
95-79 
95.81 


96.0.) 
9(1.  OS 
96.08 


96.25 
96.17 
96.19 
96.31 

96.34 
96.36 
96.39 
96. 4  ■ 
96.43 
96-46 
96.48 


.)6.KR 
96.<>o 
96-93 
96.9s 
96-98 
97.00 
97- oj 
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SPECIFIC  GRAVITY  AND  PERCENTAGE  OF  ALCOHOL— (C«itffii«rf). 


Ab«oluW 

Alcohol. 

Spec. 

AbuluU 

AlcohoL 

Spec, 

AbBlule 

AlcohoL 

Gnv 

P« 

P« 

Gr»v. 

Per 

Per 

Grav. 

Per 

Per 

„.'•€. 

Call 

Cent 

IS.6°  C. 

C«it 

.,.;ic. 

Cent 

Cent 

by 

by  Vol- 

by 

by  Vol- 

by 

by  Vol- 

Weight. 

Weight. 

Weight. 

^rV 

95 -3<* 

97-05 

0.8029 

97-07 

98.^8 

0.7979 

98.69 

9Q-.fi 

95 

39 

97.07 

8 

97.10 

98 

ao 

8 

98 

72 

99. ao 

7 

95 

43 

97.10 

7 

97-13 

98 

7 

98 

75 

90." 

6 

95 

46 

97-" 

6 

97.16 

98 

»4 

6 

98 

78 

99-34 

5 

95 

SO 

97-'S 

5 

97-30 

98 

17 

5 

98 

St 

99- a6 

95 

54 

97.17 

97-23 

08 

29 

4 

98 

84 

99.17 

3 

95 

57 

97.10 

3 

97.116 

98 

3" 

3 

98 

87 

99.19 

9S 

61 

97-" 

97-30 

98 

33 

98 

9" 

99-3' 

95 

64 

97-14 

97-33 

■^ 

3S 

98 

94 

99.33 

° 

95 

68 

97.>7 

" 

97-37 

98 

37 

° 

98 

97 

99-35 

0.8C69 

95 

-, 

97.29 

0.8019 

97.40 

98 

39 

0.7969 

99 

00 

99-37 

8 

95 

75 

97-3J 

8 

97-43 

98 

8 

99 

03 

99-39 

7 

95 

79 

97-34 

7 

97.46 

^ 

I 

99 

06 

99.41 

6 

95 

81 

97-37 

6 

97.50 

98 

46 

6 

99-43 

S 

95 

97-39 

5 

97-53 

98 

48 

5 

99 

13 

99-45 

95 

89 

97.41 

97-57 

''I 

50 

4 

99 

16 

99-47 

3 

95 

93 

97-44 

3 

97.60 

98 

5  = 

3 

99 

■9 

99-49 

95 

96 

97-40 

97-63 

98 

54 

99 

n 

99-51 

96 

97-49 

97.66 

98 

56 

99 

26 

99-53 

° 

96 

03 

97-5' 

° 

97-70 

98 

59 

° 

99 

29 

99-55 

e.8059 

96 

07 

97-53 

0.8009 

97-73 

98 

61 

0.79S9 

99 

3» 

99-57 

S 

96 

97-55 

8 

97.76 

98 

63 

8 

99 

36 

99.59 

7 

96 

"3 

97-57 

7 

97.80 

98 

65 

7 

99 

39 

99.61 

6 

g6 

16 

97.60 

6 

97-83 

98 

67 

6 

.  99 

99-63 

5 

96 

97.61 

97.87 

98 

69 

99 

45 

99 -6S 

4 

96 

'3 

97.64 

97.90 

98 

7> 

4 

99 

48 

99.67 

3 

96 

=6 

97.66 

97-93 

98 

74 

51 

99.69 

96 

30 

97.68 

97.96 

76 

55 

99-7' 

96 

33 

97-70 

98.00 

^^ 

78 

99 

58 

99-73 

* 

96 

37 

97-73 

98.03 

98 

80 

99 

61 

99.75 

0.8049 

96 

40 

97-75 

0.7999 

98. 06 

08 

»7 

0.7949 

09 

65 

99-77 

8 

9..43 

97-77 

8 

98-09 

y9.83 

8 

90.68 

99. «o 

■1 
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(4)  Determination  of  Alcohol  by  the  EbuUioKope  or  Vaporlmeter 
is  based  on  the  variation  in  boiling-point  of  mixtures  of  alcohol  and  water, 
in  accordance  with  the  amount  of  alcohol  present.  There  are  various 
forms  of  this  instrument,  one  of  the  simplest  and  most  convenient  being 
that  of  Salleron,  Fig.  112,  the  apparatus  being  knovm  in  France  as  an 


Fi      I  ^    1  r  ns   H  ullioscope,  Fic.  113. — Ebulliosroie  Scale. 

ebuUiomctcr.  1 1  1  ton  1  t-.  ol  a  jacketed  mclallic  ^escr^■<^ir,  heated  by 
a  lamp  ]>lacc  I  birn  uh,  in  I  fitted  with  a  return-flow  condenser  at  the 
top  and  with  a  dcli  at*,  thermometer  graduated  in  icnlhs  of  a  degree. 

As  ihc  boding  jtoint  of  water  \aries  with  the  almoKpheric  pressure, 
it  is  necessar)  lo  determine  the  actual  boiling-point  corresponding  with 
the  barometric  conditions  each  time  a  series  of  determinations  are  made. 
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This  is  done  by  boiling  a  measured  portion  of  distilled  water  in  the  reser- 
voir, and  carefully  noting  the  temperaLiire  when  it  becomes  constant. 

The  reservoir  is  then  rinsed  out  with  a  little  of  the  liquor  to  be  tested, 
after  which  a  measured  amount  of  this  liquor  is  boiled  in  the  reservoir 
and  the  temperature  again  noted.  A  sliding  scale  fFig.  113)  accompanies 
ihc  instrument,  having  three  graduated  parts  as  shown.  The  central 
movable  portion  is  graduated  in  degrees  and  tenths  of  a  degree  centi- 
grade, the  part  at  the  left  has  the  per  cent  of  alcohol  corresponding  to 
the  temperature  in  the  case  of  simple  mixtures  of  alcohol  and  water, 
while  the  part  at  the  right  is  used  for  reading  the  per  cent  in  the  case  of 
wine,  cider,  beer,  etc.,  which  have  a  considerable  residue.  The  movable 
scale  bearing  the  degrees  of  temperature  is  first  set  with  the  actual  tem. 
perature  of  boiling  water  (as  ascertained)  opposite  the  o  mark  on  the 
stationary  scale.  Suppose  the  temperature  of  boiling  water  has  been 
found  to  be  100.1°.  The  scale  is  in  this  case  set  as  shown  in  Fig.  113. 
Suppose  also  the  temperature  of  boiling  of  the  wine  to  be  tested  is 
found  to  be  89.3°.  From  the  right-hand  scale  the  corresponding  per  cent 
of  alcohol  b  found  to  be  17.2. 

When  the  liquor  to  be  tested  contains  more  than  25%  of  alcohol,  it 
is  necessary-  to  dilute  with  a  measured  amount  of  distilled  water  and 
calculate  the  per  cent  from  the  dilution. 

WTien  once  the  boiling-point  of  water  has  been  determined  for  a  given 
barometric  pressure,  it  is  unnecessary  to  change  the  position  of  the  slid- 
ing scale  during  a  scries  of  alcohol  determinations  unless  that  pressure 
changes. 

Expression  of  Results. — Some  confusion  is  caused  by  the  three  ways 
of  ex])rcssing  results  of  the  alcohol  determination,  whether  as  per  cent  by 
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ICX5  cc.  and,  in  order  to  have  a  common  basis  of  comparison  between 
the  composition  of  American  and  of  European  wines,  this  manner  of 
expression  has  to  some  extent  been  adopted  in  the  United  States. 

Still  another  mode  of  expression,  and  a  cumbersome  one,  i&  that 
of  the  English  excise,  wherein  the  alcoholic  strength  is  referred  for  a 
standard  to  so-called  **  proof  spirit,"  fixed  by  Parliament  as  a  liquid  of 
specific  gravity  0.91984  at  15.5°  C,  which  accordingly  contains  49.24% 
by  weight  or  57.06%  by  volume  of  absolute  alcohol.  If  a  liquor  is  stronger 
in  alcohol  than  this,  it  is  said  to  be  overproof,  and  if  weaker,  underproof- 
Its  strength  is  further  expressed  in  degrees  over  or  under,  water  being 
regarded  as  100°  underproof.  By  liquor  of  20°  undcq)roof,  for  instance^ 
is  meant  that  it  consists  of  80  parts  by  volume  of  proof-spirit  and  20  i)arts 
by  volume  of  water  at  15.5°  C,  while  by  20°  ovcq:)roof  is  meant  that 
at  that  temperature  100  parts  by  volume  of  the  h'quor  has  to  be  diluted 
to  1 20  parts  to  yield  proof  spirit. 

To  calculate  the  per  cent  by  volume  of  proof  spirit  from  the  i)er  cent 
of  alcohol  by  volume,  divide  the  latter  by  0.5706  or  multiply  it  by  1.7525. 

Direct  Determination  of  Extract. — In  liquors  having  a  high  sugar 
content,  the  extract  or  total  solids  cannot  be  determined  accurately  by 
evaporation  at  the  temperature  of  boiling  water,  owing  to  the  dehydra- 
tion of  the  reducing  sugars  at  temperatures  exceeding  75®.  When  extreme 
accuracy  is  required,  such  liquors  should  be  dried  in  vacuo  at  75°,  or  in 
a  McGill  oven  (p.  481). 

Approximate  results  satisfactory  in  most  cases  are  obtained  by  heat- 
ing for  two  and  one-half  hours  10  grams  of  the  liquor  in  a  tared  platinum 
dish  at  the  temperature  of  boiling  water.  If  the  results  are  to  be  exi)ressed 
in  grams  per  100  cc.  instead  of  weighing  out  10  grams,  10  cc.  of  the  liquor 
are  measured  by  a  ])i])ette  into  a  tared  dish.  With  distilled  liquors  having 
low  residues,  ace  urates  results  are  obtainable  by  direct  evaporation  at 
100°,  usin<^  preferably  25  grams  or  25  cc.  according  as  the  result  is  to  be 
expressed  in  per  cent  by  weight  or  grams  i)er  100  cc. 

Extract  in  wine  and  beer  is  more  readily  calculated  indirectly  from 
their  specific  gravity  as  noted  elsewhere. 

Determination  of  Ash. — The  residue  from  the  determination  of  the 
extract  is  incinerated  to  a  white  ash  in  the  original  dish  at  a  low  red  heat, 
either  over  a  Ikinsen  Hame  or  in  a  muffle.  The  dish  is  finally  cooled  in 
a  desiccator  and  weit^hed. 

Preservatives  and  Artificial  Sweeteners  in  liquors  are  identified  as 
described  in  Chapters  XVII  and  XVIII. 
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FERMENTED  LIQUORS. 

The  fennented  juices  of  many  \-arieties  of  fruits  and  berries  furnish 
beierages  more  or  less  popular  in  various  localities,  especially  for  home 
consumption,  though,  with  the  exception  of  the  products  of  the  apple  and 
the  grape,  few  of  them  are  foimd  on  the  market.  The  following  table 
shows  the  average  percentage  of  si^ar  and  free  acid  in  the  expressed 
juice  or  must  of  fruits,  according  to  Fresenius,  arranged  in  the  order 
of  their  sugar  content: 


!     Per  Cent  Sugmr. 

ll\.'TJ^. 

Peachrt 1            1-99 

Apricois 1.13 

Plum*. 1            J-80 

85 
>9 
73 
67 
&> 
4J 
57 
43 
oS 
63 
Si 

S8 
80 

Blackberries. 1            5.31 

Curranus 7.30 

German  pmn« 1             7,56 

Gaofcbrmn. 8.00 

Pears. 8.43 

Mulberries 10.00 

Grapw. ]           16.15 

Cider  is  the  expressed  juice  of  the  apple.  UTiin  fresh  and  before 
fermentation  has  set  in,  it  is  knowTi  as  switl  ciiier,  but  it  docs  not  long 
remain  Jn  thjj^  gindiiion,  developing  after  a  good  ftrmentaiion  from  ; 
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washed  ofiF.  As  a  rule  the  apples  commonly  used  by  farmers  for  cider- 
making  are  those  that  are  imsalable  or  imfit  for  other  purposes,  being 
chiefly  windfalls  or  bruised  and  imperfect  fruit.  The  apples  are  usually 
first  crushed  in  a  mill  to  a  coarse  pulp,  which  is  afterward  subjected  to 
pressure  in  a  suitable  press  and  the  juice  thus  extracted. 

In  this  countr}'  but  little  attention  is  paid  to  the  after  processes,  the 
•  juice  being  usually  transferred  directly  to  barrels,  which  are  not  always 
partirularly  clean,  and  allowed  to  ferment  spontaneously  in  a  convenient 
place,  subject  to  changes  in  temperature.  There  is  little  wonder  that 
cider  so  made  will  keep  but  a  short  time  and  quickly  goes  over  into  vinegar, 
unless  salicylic  acid  or  other  antiseptic  is  added. 

In  France  more  care  is  taken  to  regulate  the  temperature  of  fermen- 
tation, to  insure  absolute  cleanness  of  all  receptacles,  and  lo  separate 
out  contaminating  impurities.  A  preliminarv^  fermentation  is  usually 
given  to  the  juice  in  open  vats,  during  which  the  yeast  spores  are 
develo[x^d,  while  impurities  separate  out  both  by  rising  to  the  surface 
and  by  settling  to  the  bottom,  care  being  taken  to  avoid  the  develop- 
ment of  acetic  fermentation.  At  the  proper  time  the  juice  is  "racked 
off"  or  drawn  from  the  clear  portion  between  the  top  and  bottom,  trans- 
ferred to  scrupulously  clean  barrels,  and  allowed  to  undergo  a  second 
fermentation  at  a  lower  temperature  than  before. 

Sometimes  the  "racking  off"  is  repeated,  and  the  juice  is  further 
clarified  by  "fining"  or  treating  with  isinglass,  which  carries  down  certain 
albuminous  substances. 

Cider  thus  made  is  capable  of  keeping  a  ver}'  long  lime. 

In  England  cider  is  sometimes  "fined"  by  treatment  with  milk,  one 
quart  of  the  latter  Ixing  added  to  eighteen  gallons  of  cider. 

The  a])|)le  })()mace,  left  as  a  residue,  is  generally  steeped  in  water 
and  re])ressefi.  The  juice  from  the  second  i)ressing  is  occasionallv  added 
to  the  first  for  cider  manufacture,  but  more  often  is  concentrated  and 
macle  into  apj)le  jelly,  or  used  as  a  fortifier  for  vinegar  to  make  up 
deficiency    in    solids. 

Composition  of  Cider.  The  following  tables,  due  lo  Browne,*  show 
the  cliemical  composition  of  the  freshly  expressed  juice  of  several 
American  varieties  of  a])]>le,  as  well  as  that  of  a  few  fermented  samples 
of  cider  of  known  i)urity. 

*  Penn.  DepU  of  Agric^  BuL  581. 
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It 


mi 


Red  astrachon  . , 
Early  barvesl.  . , 
Yellow  transparent  ■ 
Early  strawberry,  . 

Sweet  bough 

Baldwin,  green.  ,. , 

Ben  Davis. , 

Bellflowrr. , 

Tulpahocken 

Unknown, 


04949 
.04979 


.05737 
-05901 


FERMENTED  CIDER  (MIXED  APPLES). 


Rntalion. 

Gravit>-. 

SoUdi. 

^"^^ 

Alcoht 

.       Pectin. 

1      Ash. 
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In  the  municipal  laboratory  of  Paris,  Sangl^  Ferris  has  analyzed 
eleven  samples  of  known-purity  cider  with  the  following  results: 


Per  Cent 
Alcohol  by 
Volume. 

Extract  per 
Liter. 

^isj^r 

Polarisation, 
Laurent. 

Ash  per 
Liter. 

Alkalinity  of 
Ash,  as 
KaCOa  per 
Liter. 

Acidity  as 
H,S0«. 

3 

e2 

• 

•0 

X 

Mean 

Maximum.. . 
Minimum.  . . 

I. 0159 
I. 0410 
I. 0012 

3.9 

6.2 

I.I 

52.67 

114.00 

22.62 

21.31 

59.40 
Trace 

21.62 
60.80 

Trace 

-4°.26 
—  11°. 20 
0 

3.26 

4.32 
2.48 

2.t;6 
3.68 
2.C4 

5-27 

6.59 
4.20 

2.55 
2.94 

1.47 

Six  samples  of  bottled  "sweet"  cider  purchased  in  Massachusetts 
were  analyzed  in  the  Food  and  Drug  Laboratory  of  the  Board  of  Health 
with  the  following  results: 


Maximum 
Minimum 
Average.. 


Percent 

Alcohol  by 

Weight. 


8.00 

3-55 
5-71 


Per  Cent 

Acid  as 

Malic 


0.72 
0.48 
0.58 


Per  Cent 
Extract. 


7.82 
2.42 
4.19 


Browne  gives  the  following  as  the  composition  of  the  mixed  ash  of 
several  varieties  of  apple: 


Ingredient. 


Per- 
ct-nt- 


Potash  (K.p) 55-04 

Soda  (Na..()) o.u 

Lime  (Cab) i  4-4.^ 

Ma^nrsia  (MgC)) \  ^.-jS 

Oxide  of  iron  (  KcJ  ),) j  0.05 

Oxide  of  aluminuin  (  Al.O;,) |  o.<So 

Chlorine  iCU. 
Silica  fSiO..^ 
Sulphurir  acid  ('S(  >  ). 


c .  y) 
0.40 
2 .  ()() 


Phosphoric  acid  (V  (),) .S.64 


CarlM)nic  acid  (('< ).,) 


Deduct  oxygen  efjuivalent  to  CI. 
Total 


c 

> 
cr 


Inprcdicnt. 


Potassium  carlK)nate  (K/'O.,)... 
Potassium  j)hosphate  (K^PO^).  .. 

Sodium  chloride  (XaCH 

Calcium  -ulphate  (CaS(  \) 

Calcium  oxide  (Ca( )) 

Ma^noiuni  plu)sj)hate  (Mg;<P.j<  >,; 

Magnesium  oxide  (MgO) 

Ferric  oxide  (FcoOj'i 

Aluminum  oxide  (Al.O;,) 

Silica  (SiOj) ". 


Total. 


Per- 
ot-nt- 


6.85 
14-55 

0.()0 

4-5- 
2.57 

().o7 
0.5O 

o.o5 

0.80 

0.40 


99.8a 


S52  FOOD  INSPECTION  AND  ANALYSIS. 

Burcker  *  gives  the  following  compositioQ  of  the  ash  of  cider: 

Silica 0.94 

Phosphoric  acid 12 .68 

Lime 2.77 

Magnesia 2 ,05 

Oxides  of  iron  and  manganese 0.94 

Potash 53-74 

Soda 1 .  10 

Carbonic  acid 25 .  78 

100.00 

Adulteration  of  Cider. — The  Committee  on  Standards  of  the  A.  O.  A.  C. 
have  submitted  for  adoption  the  following  standards  for  cider:  Alcohol 
not  more  than  8%,  extract  not  less  than  1-8%  determined  by  evaporation 
in  an  open  vessel  at  ordinary  atmospheric  pressure  and  at  the  tempera- 
ture of  boiling  water;    ash  not  less  than  0.2%. 

Entirely  factitious  cider  made  from  other  than  apple  stock  is  rarely 
found,  though  the  product  as  sold  is  frequently  of  inferior  quality  and 
adulterated.  The  chief  adulterants  are  water  and  sugar,  and  the  use  of 
antiseptics  is  common,  especially  of  salicylic  and  sulphurous  acids,  and 
occasionally  beta-naphthol. 

Sodium  carbonate  is  somL'timci  added  to  cider  to  neutralize  the  acid 
and  thus  prevent  acetic  fermentaiion.  An  abnormally  high  ash  (say 
in  excess  of  0.35%)  would  point  toward  the  presence  of  added  alkali. 

Watering  is  apparent  when  the  content  of  alcDhol,  solids,  and  ash  of 
the   suspected  sample   are   found  lo    be  considcraljly  liclow  the  corre- 


ALCOHOUC  BEVERAGES. 


553 


adulterants  alleged  to  be  of  frequent  occurrence  in  French  cider,  but 
not  commonly  found  in  this  country  are  commercial  glucose,  tartaric  acid 
(to  increase  the  acidity  of  a  watered  product),  and  coal-tar  colors. 

Absence  or  deficiency  of  malates  is  conclusive  evidence  of  fraud, 
indicating  the  admixture  of  notable  quantities  of  the  juice  of  the  second 
pressing  of  pomace. 

Sugar  is  rendered  apparent  by  the  right-handed  polarization  of  the 
sample,  pure  cider  always  polarizing  well  to  the  left.  If  after  inversion 
of  a  dextro-rotary  cider  the  polarization  is  still  to  the  right,  commercial 
glucose  is  indicated;  if  the  reading  after  inversion  is  to  the  left,  cane 
sugar  has  undoubtedly  been  added. 

Frequently  the  analyst  has  only  to  determine  the  alcohol,  especially 
in  cases  of  seizure,  to  ascertain  whether  or  not  there  has  been  violation 
of  the  liquor  laws. 

PERRY   OR  PEAR  CIDER. 

This  is  a  common  French  product,  but  is  rarely  if  ever  found  on  sale 
in  this  countrj^  though  sometimes  made  for  home  consumption.  In 
composition  and  in  method  of  manufacture  it  much  resembles  apple 
cider.     It  is  also  subject  to  the  same  forms  of  adulteration. 

The  following  table  summarizes  a  number  of  analyses  made  by 
Truclle  on  pear  juice,  or  must,  amounts  being  expressed  in  parts  per 
thousand : 


SfXM  ific  praviiy 

Invert  su^;ir 

Sucrose 

Total  fenTU'ntal)lt'  sut^ars  (as  dextrose) . . . 

Tannin 

Pectin  and  alhuniinoiis  sul)Stances 

A(  idity  (as  suli>hurii  acid)    


Mean. 

Maxiinuin. 

Mininnmi. 

1.0845 

1 .0675 

I .0980 

145.64 

108. 10 

200 

36.74 

i6.6(> 

61  .41 

184.14 

143-7H 

220 

1.78 

1 .01 

S.20 

13.08 

3 

18 

1-47 

0.76 

2.40 

The  following  analysis  of  champagne  \iQrry  is  taken   from  the  ImhccI 
of  October  i,  1892: 

Alcohol  by  weight i  .45 

Alcohol  by  volume i .  80 

Solids II  .00 

Ash 0.35 
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Wine  in  its  broadest  sense  is  the  fennented  expressed  juice  of  any 
fruit,  though  the  term,  unless  otherwise  restricted,  is  generally  understood 
to  apply  to  the  juice  of  the  grape. 

The  organism  present  in  grape  juice  that  plays  the  chief  part  in  its 
alcoholic  fermentation  is  the  Sacckaromyces  ellipsoideus,  a  yeast  which 
exists  on  the  skins  of  the  grape. 

Process  of  Manufacture. — The  grapes,  which  should  be  fully  ripe, 
are  picked  and  sometimes  sorted,  according  to  the  care  that  is  taken  in 
grading  the  product.  They  are  also  sometimes  freed  from  the  stems, 
which  contain  considerable  tannic  acid,  and  which  when  crushed  with  the 
grapes  impart  a  certain  astringency  to  the  final  product.  The  grapes  are 
crushed  cither  by  machinery  or  by  the  bare  feet,  and  the  juice  is  pressed 
out  from  the  pulp  in  various  ways,  by  screw  or  hydraulic  press,  or  by  the 
centrifugal  process. 

A  certain  amount  o'f  juice  runs  oflE  from  the  preliminary  crushing 
known  as  the  first  run,  and  makes  the  choicest  wine.  The  product  from 
the  pressure  constitutes  the  second  run,  after  which  the  pomace,  by  steep- 
ing in  water  and  repressing,  is  made  to  yield  an  inferior  juice  used  in 
vinegar-making. 

Red  wines  are  made  from  dark  grapes  by  fermenting  the  pulp,  before 
pressing,  with  the  skins,  which  by  this  treatment  yield  up  their  rich  color 
{cenocyanin)  to  the  juice.  Besides  the  color,  the  skins  contain  also  tannin. 
White  wine  is  made  from  the  pressed  pulp,  freed  from  the  skins  at  once, 
or  from  the  pulp  of  while  grapes.  The  unfermcnlcd  must  constitutes 
from  60  to  80  per  cent  of  the  weight  of  the  grape. 
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liable  to  occur  at  this  time,  are  avoided  as  much  as  possible  by  using 
especially  clean  casks,  which  are  frequently  ** sulphured"  (or  burnt  out 
with  sulphur)  before  being  used.  The  wine  is  also  sometimes  clarified, 
or  **  fined,"  by  treatment  with  gelatin,  which  mechanically  removes  many 
impurities  by  precipitation,  or  is  subjected  to  pasteurization  before  finally 
being  bottled  or  stored  in  casks. 

Classification  of  Wines. — ^Wines  are  either  natural  or  joriified.  Nat- 
ural wines  are  those  which  contain  no  added  sugar  or  alcohol,  but  which 
dre  exclusively  the  product  of  the  simple  juice,  fermented  under  the  best 
conditions,  either  till  the  sugar  has  been  used  up,  or  till  the  yeast  food 
is  exhausted,  or  until  the  yeast  growth  has  been  checked  by  the  strength 
of  the  alcohol  developed.  When  the  alcohol  content  amounts  to  14% 
by  weight  there  can  be  no  further  fermentation  due  to  yeast,  so  that  this 
is  the  highest  limit  for  natural  wine.  Examples  of  natural  wines  are 
hock  and  claret  and  many  California  wines. 

Fortified  wines  are  those  to  which  alcohol  has  been  added,  usually  before 
the  natural  fermentation  has  been  allowed  to  proceed  to  a  finish.  For 
this  reason  considerable  sugar  is  usually  left,  and  such  wines  are  more 
often  sweet.    Examples  of  fortified  wines  are  Madeira,  sherry,  and  port. 

Volatile  ethers  (products  of  volatile  acids)  predominate  as  a  rule  in 
natural  wines,  while  fixed  ethers  (from  the  fixed  acids  as  tartaric)  are 
most  characteristic  in  fortified  wines. 

Wines  are  also  variously  classified  according  to  characteristic  proper- 
tics  possessed  by  them,  as  still  or  sparklingy  red  or  whitCy  ^^dry^^  or  sweety 

etc. 

Still  wines  are  those  in  v.'hich  there  is  but  little  carbon  dioxide  remain- 
ing, so  that  they  do  not  effervesce.  Sparkling  wines  are  more  or  less 
heavilv  charged  with  carbon  dioxide,  either  naturally,  as  in  the  case  of 
chami)agnc,  wherein  ilic  gas  is  formed  by  after- fermentation  of  added 
sugar  in  the  corked  bottle,  or  artificially,  by  carl^onating  tliem  in  a  similar 
manner  to  "soda-water." 

Among  the  Ix-st-known  red  wines  are  those  of  Burgundy  and  the 
Bordeaux  wine  >  or  clarets,  while  the  Rhenish  and  Moselle  wines  and  the 
Sail. ernes  are  examples  of  whUe  wine. 

"Drv"  wine-  are  th(»>e  in  which  the  sugar  has  been  exhausted  by 
fcnnentation,  while  sweet  wines  possess  a  considerable  amount  of  unfer- 
men'ed  sugar.  Whether  or  not  an  excess  of  sugar  is  left  after  fermenta- 
tion has  st()i)T)ed  <lei>ends  ujjon  the  amount  of  yeast  fcKxl  or  nitrogenous 
substance  present  in  the  wine.     When  the  proteids  are  exhausted  by  the 
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yeast,  fennentation  ceases,  and  for  this  reason  gelatin  and  other  nitrog- 
enous  bodies  are  sometimes  added  to  extend  the  period  of  fermentation. 
Sweet  wines  are  often  reinforced  by  the  addition  of  sugar.  Madeira, 
both  red  and  white,  are  samples  of  dry  wine,  while  port  wine  is  one  of 
the  sweet  variety. 

While  most  of  our  finer  wines  still  come  from  France  and  Germany, 
large  quantities  of  California  wines  are  now  being  produced  of  an  extremely 
high  grade  and  of  many  varieties. 

Compodtion  of  Grape  Must  and  of  ^^e. — K.dtug's  analyses  of  a 
large  number  of  grape  musts  from  different  sources  are  thus  summarized: 


Specific 

Percent.  1  "-»«"- 

Sugar. 

Acid. 

Other 

A»h. 

Minimum 

1.0600 
1.207; 

5..S3    1     0-" 
82. .0   1     O.S7 
74.49    [     0.28 

.2.89 

35.45 
19.71 

iliS 
0.64 

1.68 
11.62 

4.48 

0    TO 

0.63 

0.40 

Typical  analyses  of  German,  French,  Austrian,  Russian,  Italian,  and 
Spanish  ^%'ines  arc  shown  in  the  following  table,  also  due  to  Konig: 


1 

lil 

1 

5 

il 

p  m 

1 

Germany: 

n 

0.W64  7.09  J. 24 
I. 000s  8.00  2. to 

1 

0.031 

Rhine         

■ 

1 
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Germany: 

Moselle 

Rhine 

Baden  

Wurtemburg,  white  winc.lo 
"  red  wine.  .  o 

Alsace o 

Lorraine,  red  wine 

France: 

Red  wine 

White  wine 

Austria: 

Tyrol,  red  wine- 

' '       while  w  ine 

Russia: 

Red  wine 

White  wine 

Italv 

Spain : 

Ordinar}'  red  wine 

Sweet  wine 


& 


0.068 
0.085 

0.1 15 
0.108 


;3 


O.OII 

0.017 


0.024 


'% 


0.02 
0.022 


c 

IS 

Sr 


o 

a 


O.OIO 


0.106    O.IOI 


,098 


O.OIO 


0.027 

0.030 

O.III 

0.086 

0.032 

0.II5 

0.027 

0.039 

0.242 
0.296 

0.009 
0.008 


0.018 

0.015 


0.017 


0.012 

0.020| 

I 
0.009! 

0.08    I 

0.008 

0-033 
0.038 

0.023 
0.023 


0.021 


0.019 

0.221 
0.212 


On  page  558  are  given  summaries  of  analyses  of  American  wines 
compiled  from  tables  of  analyses  made  by  Bigelow.* 

Varieties  of  Wine. — Champagne  is  a  selected,  sweet,  white  wine, 
clarified  with  gelatin,  bottled  with  the  addition  of  cane  sugar,  mixed  with 
a  little  brandy,  and  tightly  corked.  Sometimes  a  small  amount  of  yeast 
is  also  introduced.  Fermentation  is  allowed  to  go  on  at  a  temperature 
of  about  24°  C,  during  which  the  wine  is  highly  charged  with  carbon 
dioxide.  The  bottles  are  set  on  their  side  for  some  months,  after  which 
they  are  inverted  till  the  sediment  gathers  above  the  cork,  which  by  careful 
manij)ulali()n  is  quickly  removed  so  as  to  throw  out  the  sediment,  and  is 
afterward  rej)laced  and  secured.  Champagne  contains  from  8  to  10 
per  cent  of  alcohol  and  is  high  in  sugar. 

Claret  is  a  light,  red  wine  of  a  deep  color,  and  is  somewhat  acid  and 
astringent.  In  alcohol  it  varies  from  8  to  13  j)er  eent  by  volume.  It  has 
very  little  sugar  and  i>  high  in  volatile  ethers. 

Madeira  is  a  strong,  white  wine,  possessing  a  rehned,  nutty,  aromatic 
flavor  when  fully  aged.  It  is  generally  fortified,  containing  from  17  to 
20  per  cent  of  alcohol.     It  is  named  from  the  island  which  j)roduces  it. 

Sherry  is  a  deep,  amber-colored,  sweet,  Spanish  wine,  high  in  alcohol 


*  U.  S.  Dept.  of  Agricy  Bur.  of  Chem.,  BuL  59. 


FOOD  INSPECTION  yIND  ANALYSIS. 


f?«     ^S      ■   : 


%r„  f.^  ■s.g   5J  ss 


ES  «a  ?s  aj 


K8     S?    SS-     S% 


ylLCOHOUC  BEyER4GES,  559 

(sometimes  containing  over  20%),  being  usually  fortified.    It  is  slightly 
acid  and  possesses  much  fragrance.    Sherry  is  nearly  always  "plastered." 

Hocks  are  white  German  wines,  mildly  acid,  containing  9  to  12  per 
cent  of  alcohol  by  volume.  They  have  very  little  sugar,  and  rank  among 
ihe  highest  of  natural  wines.  The  best-known  varieties  are  Hockheimer 
and  Johanisbergcr. 

Port  (Vinum  portense  of  the  1870  Pharmacopceia)  is  a  dark-purple, 
astringent  wine,  almost  always  fortified,  and  hence  high  in  alcohol  (from 
15  to  18  per  cent  by  volume).  It  is  much  improved  by  aging,  during 
which  it  looses  considerable  of  its  astringency.  It  contains  a  large  amount 
of  extract,  from  2  to  6  per  cent  of  the  wine  being  sugar.  The  fixed  ethers 
predominate  over  the  volatile. 

Standards  of  Purity  for  Wine. — The  ratio  of  volatile  to  fixed  acids  in 
pure  wine  should  not  exceed  1:3.  A  higher  proportion  of  volatile  acid 
shows  the  fact  that  acetic  fermentation  has  set  in. 

The  presence  of  any  considerable  free  tartaric  acid  would  indicate 
the  addition  of  this  substance  to  the  wine. 

The  United  States  Pharmacopoeia  has  prescribed  the  following  require- 
ments in  the  case  of  wines:  For  white  wine  (Vinum  album)  the  specific 
gravity  at  15.6°  should  not  be  less  than  0.990  nor  more  than  i.oio;  the 
extract  01  residue  at  100°  should  not  be  less  than  1,5  nor  more  than  3%;  as 
indicating  the  amount  of  free  acid,  not  less  than  3  nor  more  than  5.2  cc. 
normal  ix)tassium  hydroxide  should  be  required  to  neutralize  50  cc.  of 
the  wine,  using  j)henolphthalein  as  an  indicator;  it  should  contain  not  less 
than  10  nor  more  than  14  per  cent  by  weight  of  absolute  alcohol;  it  should 
contain  onlv  traces  of  tannin. 

For  red  wine  [Vinum  riihum)  the  specific  gravity  at  15.6^  should  not 
be  less  than  0.989  nor  more  than  i.oio;  the  extract  should  not  be  less 
than  \.()^  \  nor  more  than  3.5^  ^  ;  its  limits  as  to  aridity  are  the  same  as 
witli  white  wine,  eosin  or  tluoruscin,  however,  being  used  as  an  indicator; 
in  alcoholic  strenu^tli,  it  should,  like  white  wine,  come  within  the  limits 
of  10  and  14  per  cent  alcohol  by  weight.  It  should  not  be  artitkially 
colored,  but  should  show  the  presence  of  tannic  acid. 

The  f()l]owin<;  standards  have  been  recently  suggested  for  adoj)ti()n 
bv  the  A.  ( ).  A.  (\  bv  its  Committee  on  Standards:  In  white  wine  the 
extract  should  be  not  less  than  1.5  and  not  more  than  4  per  cent;  in  red 
wine  the  limits  are  1.6  and  4  jxt  cent.  For  both  red  and  white  wine 
the  alcohol  should  not  be  more  than  16%  by  volume  and  the  ash  not 
less  than  0.14%.     For  fortified  sweet  wine  the  extract  should  be  not  less 
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than  6%,  except  in  case  of  sherries,  which  should  contain  not  less  than 
3%,  and  the  alcohol  should  not  be  more  than  24  nor  less  than  14  per 
cent  by  volume. 

Adulteratioa  of  "Wine. — Beverages  purporting  to  be  wine  are  some- 
times found  on  sale  that  are  entirely  spurious,  in  that  they  contain  little 
if  any  fermented  grape  juice.  Apple  cider  is  not  infrequently  the  basis 
of  such  artificial  products,  and  the  following  recipes  given  by  Branm 
may  be  taken  as  typical  of  the  composition  of  these  wine  substitutes: 

Burgundy. — Bring  into  a  barrel  40  quarts  of  apple  juice,  5  pounds 
of  bruised  raisins,  }  pound  of  tartar,  i  quart  of  bilberry  juice,  and  3 
pounds  sugar.  Allow  the  whole  to  ferment,  filling  constantly  up  with 
cider.  Then  clarify  with  isinglass,  add  about  i  ounce  of  essence  of  bitter 
almonds,  and  after  a  few  weeks  draw  off  into  bottles. 

Malaga  Wine. — Apple  juice,  40  quarts;  crushed  raisins,  10  pounds; 
n.-ctified  alcohol,  2  quarts;    sugar  solution,   2  quarts;  elderberry  flowers, 

1  quart;  acetic  ether,  i  ounce  and  2  drachms.  The  desired  coloration  is 
effected  by  the  addition  of  bilberry  or  elderberry  juice;  otherwise  the 
process  is  the  same  as  given  for  Burgundy. 

Sherry  Wine. — Apple  juice,  go  quarts;    orange-flower   water,  about 

2  drachms;  tartar,  2  ounces  and  4  drachms;  rectified  alcohol,  3  quarts; 
crushed  raisins,  10  pounds;  acetic  e'her,  i  ounce  and  2  drachms.  The 
process  is  the  same  as  for  Burgundy. 

Claret  Wine. — Apple  juice,  50  quarts;  rectified  alcohol,  4  quarts; 
black  currant  juice,  2  quarts;  tartar,  2  ounces  and  4  drachms.  Color 
with  bilberr}'  juice.     The  further  process  is  ihe  same  as  for  Burgundy. 

Artificial  products  similar  in  nature  to  the  above  are  also  mixed  in 
varying  proportions  with  pure  wine. 

Presence  of  malates,  as  well  as  absence  or  diminution  of  lolal  tartaric 
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the  potassium  bitartrate  present  in  the  wine  is,  according  to  Chancel, 

a<;  follows! 


2KHC^H,0,+CaS0,. 

Potassium  Calcium 

bitartrate  sulphate 


CaC,H,0,+  H,C,H,0,+  K,SO,. 

Calcium  Tartaric  Potassium 

tartrate  acid  sulphate 


Various  advantages  are  said  to  result  from  this  practice.  The  wine 
is  clarified  by  the  precipitation  of  the  calcium  tartrate,  which  mechan- 
ically carries  down  with  it  many  impurities,  the  color  of  the  wine  is 
improved,  since  the  solubility  of  the  coloring  principle  present  in  the 
skins  is  increased,  the  fermentation  is  rendered  more  rapid  and  complete, 
and  the  keeping  qualities  of  the  wine  are  enhanced.  The  practice  is, 
howcNXT,  considered  objectionable  on  account  of  the  potassium  sulphate 
which  is  left  in  solution  in  the  wine,  and  in  some  countries  plastering 
is  forbidden,  or  the  amount  of  potassium  sulphate  limited  by  statute. 

The  following  arc  analyses  of  two  Spanish  wines  made  from  the  same 
grape  juice,  one  of  which  was  plastered.  The  results  are  expressed  in 
grams  per  liter. 


Not  Plastered. 

Plastered. 

Color 

YeUow 

23.3 
0.66 

2.06 

1.29 
0.41 

Bright  red 

27-3 
0.61 

Extract  dried  at  100° 

Insoluble  ash 

Soluble  ash 

5.38         ' 

0.17 

5 

The  soluble  ash  containing 

Potassium  carbonate. . . 

**         sulphate.  ... 

The  effect  of  j)lastering  is  thus  seen  to  distinctly  increase  the  extract 
and  the  soluble  ash.  Any  considerable  amount  of  potassium  sulphate 
is  an  indication  of  })lastering. 

Addition  of  Cane  Sugar. — The  term  "chaptalizing"'  is  aj)plied  in 
France  to  the  addition  to  the  must  of  cane  sugar  for  the  puri)ose  of 
increasing  the  yield  in  alcohol.  The  addition  of  1,700  grams  of  sugar 
to  1,000  liters  of  must  is  said  to  increase  the  alcoholic  strength  by  1^  [. 
It  was  formerly  customar}^  to  add  with  the  sugar  calcium  carbonate, 
to  partially  neutralize  the  acidity,  but  this  is  rarely  practiced  at  present. 

The  Kiir()i)ean  wine-raising  countries  are  not  disposed  to  regard  the 
reinforcement  of  wine  by  added  cane  sugar  in  the  must  as  in  itself  a  fraud, 
unless  water  is  also  added,  or  unless  some  other  form  of  adulteration  is 
practiced  at  the  same  time.    In  France,  however,  the  addition  of  cane 


5^'  FOOD  INSPECTION  AND  ANALYSIS. 

sugar  is  icrmilled  only  in  wine  for  local  consumption,  and  is  restricted  io 
amount. 

The  use  of  commercial  glucose  in  wine  instead  of  cane  sugar  is  not 
regarded  with  as  much  favor,  in  view  of  the  fact  that  glucose  contains 
more  or  less  unfermentable  matter,  and  introduces  dextrin  and  various 
mineral  salts  into  the  wine. 

To  ascertain  the  nature  and  extent  of  the  sugars  present  in  wine  is 
frequently  of  great  importance.  Much  information  may  be  gained  from 
the  direct  and  invert  polarization  of  the  sample,  as  well  as  from  the  deter- 
mination of  reducing  sugars. 

Invert  sugar  is  the  only  legitimate  sugar  that  should  be  present  ia 
genuine  wine.  In  norma!  fermentation  the  dextrose  is  more  quickly 
destroyed  than  the  le\Tilosc,  hence  the  polarization  of  pure  wine  is  always 
left-handed,  unless  all  the  sugar  has  been  fermented,  in  which  case  the 
reading  should  be  zero. 

Sevcnty-iive  samples  of  California  red  wines,  chiefly  claret,  Burgundy, 
Rhine,  and  southern  France  types,  analyzed  in  the  Bureau  of  ChemLstry  * 
of  the  U.  S.  Department  of  Agriculture,  polarized  from  —0.5  lo  -2.1. 
Upwards  of  eighty  samples  of  California  white  wine  (of  the  types  of 
Burgundy,  Saulcmc,  and  southern  France)  were  submitted  lo  |>olariza- 
lion  and  all  but  four  were  left-handed.  These  four  (evidently  abnormal) 
polarized  from  o.  to  +1.     Most  of  ihem  varied  from  — o-i  lo  —3.5. 

Thirteen  of  the  [Htrt  wine  types  (California)  had  a  left-handed  {>olari;ia- 
tion  of  from  —14-7  lo  —27.1.  These  apparently  contained  large  quan- 
tities of  unfermented,  inverte<l  cane  sufjar. 

A  shaqi,  right-handed  polarization  would  indicate  the  presence  of 
cither  commercial  glucose  or  cane  sugar.     After  inversion,  if  the  reading 
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that  the  sum  of  the  weight  in  grams  of  alcohol  in  100  cc.  and  the  total 
acidity,  expressed  in  grams  of  sulphuric  ,acid  per  liter,  varies  within  very- 
narrow  limits  in  pure  wines,  rarely  being  below  13  or  above  17.  A  large 
number  of  analyses  made  by  Gautier  and  others  would  seem  to  confirm  this, 
so  that  in  the  majority  of  cases,  added  water  would  be  strongly  indicated  if 
the  sum  of  these  two  constants  was  materially  reduced  below  13.  It  is 
more  consen^ative  to  adopt  12.5  as  a  minimum  limit  for  the  sum  of  the 
alcohol  and  total  acid  expressed  as  above. 

Detection  of  Added  Alcohol. — ^As  a  result  of  the  findings  of  a  com- 
mittee appointed  in  France  to  determine  the  matter  of  added  alcohol, 
it  was  submitted  that  a  relation  existed  between  the  weight  of  the  extract 
and  that  of  the  alcohol  in  pure  wine.  In  the  case  of  red  wines,  if  the 
weight  of  the  alcohol,  divided  by  the  weight  of  the  extract  (both  cxpresscl 
in  grams  per  100  cc.)  exceeds  4.6,  the  addition  of  alcohol  is  strongly  indi- 
cated. With  white  wines,  the  quotient  obtained  by  dividing  the  wei'^hl 
of  alcohol  by  weight  of  extract  should  not  exceed  6.6.  If  it  does,  added 
alcohol  is  to  be  suspected. 

In  the  case  of  plastered  wines  containing  sulphate  of  potassium,  or 
wines  having  added  sugar,  it  is  necessary  to  deduct  from  the  total  extract 
the  weight  of  the  reducing  sugar  and  of  the  potassium  sulphate  as  found 
(less  o.i  gram  for  each  of  these  substances),  the  difference,  or  reduced 
extract  as  it  is  called,  being  used  in  this  case  in  obtaining  the  ratio. 

Fruit  Wines  other  than  Grape. — ^Wines  mostly  of  domestic  manufac- 
ture are  sometimes  made  from  small  fruits,  such  as  raspberries,  straw- 
berries, blackberries,  gooseberries,  elderberries,  and  currants,  as  well  as 
from  cherries,  i)lums,  and  apricots.  Wines  made  from  most  of  thc.-.e 
fruits  readily  undergo  acetic  fermentation  unless  antiseptics  are  added, 
or  unless  extreme  care  is  taken  in  their  manufacture  and  keeping.  Fre- 
quently mixtures  of  various  fruit  juices  are  made  to  yield  excellent  wine. 
Most  of  the  sour  fruits  reciiiire  a  liberal  admixture  of  sugar  to  produce 
an  accei)tal)k'  wine. 

The  following  analysis  of  currant  wine  is  due  to  Frescnius: 

AUohol 10.01% 

Free  acid o .  79% 

Sugar II .94% 

Water 77 .  26% 

The  alcoholic  content  of  other  fruit  .wines  is  thus  shown  bv  Brannt: 

Gooseberr)'  wine 11. 84%  alcohol 

Elderberr)'  wine 8. 79%      *  * 

Orange  wine 11.26%      " 
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Methods  of  Ahalysis  op  WIhe  aitd  Cider. — For  determination  of 
speci&c  gravity,  alcohol,  extract  (by  direct  method),  and  ash  see  pp.  527, 
528,  and  547- 

Calculation  of  the  Extract  in  Wine. — Attention  has  already  been  called 
to  the  difficulty  in  accurately  determining  the  extract  of  sweet  wines  . 
gravimetrically  by  evaporation.  An  approximate  determination  of  the 
eittract  may  be  obtained  by  calculation  from  the  specific  gravity  of  the 
dealcoholized  liquor,  or  one  may  use  for  this  purpose  the  tables  compiled 
by  Windisch,  and  based  on  experiments  made  on  drying  wine  in  vacuo  at 
75°  C.  In  wines  high  in  sugar,  containing  more  than  6%  of  extraa, 
this  method  is  far  more  accurate  than  that  of  drying  at  100°,  and  is  to  be 
recommended. 

Evaporate  a  measured  portion  of  the  wine  on  the  water-bath  to 
one-fourth  its  volume,  and  dilute  with  water  to  exactly  the  volume 
measured.  Determine  the  specific  gravity  of  this  dealcoholized  liquid 
at  15-6°,  and  from  the  following  table  ascertain  the  extract  corre- 
sponding. 

Determination  of  Total  Acidity. — Carbonated  beverages  arc  first 
freed  from  carbon  dioxide  by  agitation  as  described  on  page  528,  after 
which  25  cc.  of  the  sample  are  heated  just  to  the  boiling-point  and  titrated 
with  tenth-normal  sodium  hydroxide,  using  in  the  case  of  white  wine 
or  cider  phenolphthalein  as  an  indicator.  With  red  wine  delicate  lilmus- 
papcr  should  be  used.  Total  acidity  is  usually  expressed,  in  the  case 
of  cider  as  malic,  and  of  wine  as  tartaric  acid.  Each  cubic  centimeter 
of  tenth-normal  alkali  corresponds  to  0.0067  gram  malic,  or  0.0075  gram 
tartaric  acid.  Some  chemists  express  total  acidity  in  terms  of  sulphuric 
acid,  each  cubic  cenlimclcr  of  tenth-normal  alkali  bdng  equivalent  to 
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EXTRACT  IN  WINE. 
[According  to  Windisch.] 


specific 

Ex- 

Specific 

Ex- 

Specific 

Ex- 

Specific 

Ex- 

Specific 

Ex-    +  Sx)ccific 

Ex- 

Gravity. 

tract. 

Gravity. 

tract. 

Gravity. 

tract. 

Gravity. 

tract. 

Gravity. 

tract. 

Gravity. 

tract. 

I  .  oooo 

0.00 

I .0065  1 

1.68 

1 .0130 

3.3^ 

I. 0195 

5.04 

I .0260 

6. 72 

1.032s 

8.40 

I .0001 

0.03 

1 ,0066  ■ 

1.70 

I .0131 

3.38 

I .0196 

5.06 

1 .0261 

6.75 

1.0326 

8.43 

I .0002 

0.0^ 

I .0067  1 

1.73 

I .0x32 

3. 41 

I. 0197 

509 

1 .0262 

6.77 

1 .0327 

8.46 

I .0003 

0.08 

I .0008 

1.76 

1 .0133 

3.43 

I .0198 

S.ii 

1 .0263 

6.80 

1 .0328 

8.48 

I ,0004 

0, 10 

I ,0069 

1.78 

1 .0134 

3.46 

I .0199 

5.14 

I .0264 

6.82 

I .0329 

8. SI 

I .0005 

0.13 

I .0070 

1. 81 

I  0135 

3.49 

I .0200 

5-17 

1 .026*; 

O.Ss 

I   0330 

8.53 

I . 0006 

0.15 

I .0071 

1.83 

1 .013O 

351 

I .0201 

s-io  1 

I .0200 

0 .  88 

1   03  u 

8.5ft 

I .0007 

0. 18 

1 .0072 

1.80 

1 .0137 

3.54 

I .0202 

S.22     1 

I .0207 

0 .  90 

I   0332 

8.';9 

1 ,0008 

0.  20 

1.0073 

1.88 

I .01 38 

3.56 

1 .0203 

5-25 

I .0208 

ft   03 

I   0333 

8.61 

I .0009 

0.23 

I .0074 

1  .91 

1.0139 

3.  59 

I .0204 

5.27 

I  .  02(>9 

ft -OS    1 

I    0334 

8.O4 

I .0010 

0 .  26 

1.007s 

I  .94 

1 . 0 1 40 

3.02 

I .0205 

S.30 

I .0270 

0.98 

1 .03^S 

8 .  06 

1 .001 1 

0.  2^^ 

I .0070 

1  .00 

I .0141 

3  ■  ^>4 

!  I .0206 

5.32 

1 .0271 

7.01 

I  •033<'^ 

S.()9 

I .oo\  2 

0.31 

1  I .0077 

1 .99 

I .ot 42 

3.67    , 

1 .0207 

5  •  3  S 

1 .0272 

7 -03    1 

I    0337 

8.72 

I  .  00 1  .^ 

0.34     1 

I .0078 

2.01 

I .0143 

3.69 

I .0208 

5-38 

1 .027  < 

7 .  oo  ! 

I .0338 

8.74 

1 .0014 

0.36 

r .0079 

2  .04 

I .0144 

3.72 

I .0209 

5    40 

I .0274 

7.08 

X .0330 

8.77 

I .001 5 

0.  30 

I . 0080 

2.07 

I .0145 

3-75 

1 .0210 

S-43 

I  .027s 

7.11 

1   I  .0'<40 

■S.V9 

1 . coi 6 

0  .  41 

I . ooHi 

2  .  09 

1  .0140 

3-77 

1 .021 1 

5.45 

I  .0270 

713 

'    1.0341 

8.82 

I .001 7 

0.44 

1 .C0H2 

2.12 

1  1 .0147 

3.80 

I. 0212 

S.48 

I .0277 

7.10 

I .0342 

8.85 

I .0018 

0.  46 

1 .00H3 

2.14 

1 .0148 

3.82 

1.0213 

S-5I 

X.0278 

7.19 

I .0343 

8.87 

I .0019 

0.49 

I . 0084 

2.17 

I .0149 

3.8s 

I. 0214 

5-53 

1 .0279 

7.21 

I    0344 

1 

8 .  90 

I .0020 

0.32 

I .0085 

2.  19 

I .0150 

3.87 

1.0215 

5.56 

I .0280 

7.24 

'    I -0345 

8.02 

I .0021 

0.54 

1  I .0086 

2.22     1 

,  1 .0151 

3.90 

I .0216 

5.58 

1 .0281 

7.20 

I  .034'» 

H-9S 

I .002a 

0.57 

I .0087 

2.2s 

I .0152 

3.93 

I. 0217 

S.61 

1 .0282 

7.29  1 

I    0347 

8.97 

1.0023 

0.59 

I .0088 

3.27 

1.01  S3 

3.  95 

I .0218 

5. 64 

1 .0283 

7.32 

X .0348 

9.00 

1.0024 

0.62 

1 

'  1 .0089 

2.30 

I. 0154 

3.98 

I .0219 

5.66 

I .0284 

7.34 

1.0349 

9.03 

1 .0025 

0.64 

j  I . 0090 

a. 32 

i.oiSS 

4.00 

I .0220 

5.69 

1.0285 

7.37 

1.0350 

9.05 

I .0026 

0.67 

I .0091 

2.35 

1.0156 

4.03 

I .0220 

5. 71 

1.0286 

7.39 

I  0351 

9.08 

I .0027 

0.60 

I .0092 

2.38 

1.0157 

4.06 

I .0222 

5.74 

I .0287 

7.42 

1.035a 

9. 10 

I .0028 

0.72 

I .0093 

2.40 

I. 0158 

4.08 

I .0223 

5.77 

1.0288 

7. 45 

1.0353 

9.13 

I .0029 

0.7s    1 

I . 0094 

2.43 

I.01S9 

4. II 

I .0224 

5-79 

1.0289 

7.47 

I.03S4 

9.16 

I .0030 

0.77 

I .0095 

2.45 

1 .0160 

4.13 

1 .0225 

5.82 

I .0290 

7.50 

1.0355 

9.18 

I. 0031 

0.80    1 

I . 0096 

a.4S 

I .0161 

4.i6 

I .0226 

5.84 

I .0291 

7.52 

1.0356 

9.21 

1.0032 

0.82 

I ,0097 

2.50 

I .0162 

4.19 

I .0227 

5. 87 

I .0292 

7.55 

1.0357 

9.23 

I .0033 

0.85    , 

I .0098 

2.53 

I .0163 

4.21 

I .0228 

5.89 

1.0293 

7.5« 

1.0358 

9-  26 

1.0034 

0.87 

1 .0099 

2. 50 

I .0164 

4.24 

I .0229 

5. 92 

1 .0294 

7.60 

I    0359 

9.29 

1.0035 

0.90 

'  I . 0100 

2.58 

I .0165 

4.  26 

I .0230 

5.94 

1 .0205 

7.ft3 

X . 0300 

9.31 

I  .oo.s6 

0.93     : 

I .0101 

2  .Oi 

I .01O6 

4.29 

1 .0231 

5.97 

I  .029() 

7''? 

1   I . 0301 

0  •  34 

1.00J7' 

0.05 

I .Ot02 

2.0^     ' 

I . 01O7 

4.31 

1 .0232 

6.00 

I  .0  2(>7 

7  .  (»8 

i  1-0302 

")  ■  36 

I .00  iS 

0.«;.S 

I .0103 

2.00 

I .0108 

4.34 

i  1.0233 

6.02 

I  .0  2i>S 

7-7'J 

I  .  0  \(>  > 

<>    39 

1 .CO 39 

1  .00 

I . 01 04 

2  .  (u) 

1 

I . 0169 

4.37 

:  1.0234 

6.05 

1    X .02Qg 

7.73 

I . 03O4 

0-42 

I .0040 

I  .0  ^ 

I  .  0  I  '■'  s 

2.71 

I .0170 

4.30 

1.0235 

6.07 

t  .  0.00 

7.;') 

I  .  ■:  -.''.^ 

'>-44 

I ,0041 

I  .  0  > 

1  .  01  of) 

-?-74 

1  .  <j  I  7  1 

4    42    1 

1 .0230 

0  .  10 

I .0301 

7.78 

1    I  .  0  -lOfi 

0.47 

I .0042 

I  .  ■-  H 

I .0107 

2.70 

1.0172 

4    44    : 

1.0237 

0. 1  J 

1     I  .0302 

7.M     ' 

1  . 0  ,(>7 

0.49 

I  .  C04  1, 

I  .  1  I 

t 

I  .  0  I oH 

2.7'> 

I  .  -■  I  7  ; 

4.47 

1 .0238 

0. 1  ^   1 

I  .0  <o  ? 

7-^^ 

1  .  ■-  3(»S 

•'  •  52 

1.0044 

I  .  1 ,; 

1  .  0  1  c  <; 

2  .  vS2 

1.0174 

1    4.50 

I .0239 

0.18 

1 .0304 

7.  So 

1 

:    C3f.(> 

•^■55 

I  .oo4«; 

I  .  i^    ' 

I  .Clio 

2  .  84 

I  .  0  I  7  ^ 

4.-2 

1 .0240 

0.20   ' 

I  .  c  ^os 

7    x<i 

1  .  '"^  i  7  - 

').  ';7 

I . 004O 

1  .  I  s 

I    .  C'  I    I   I 

2      S- 

I   ..:I70 

4.  ^S 

1 .024 1 

0.2< 

I   .  0.v-'> 

7-'ii     1 

I    .  •'-■  ^  7  I 

<; .  f)0 

I  .c:-47 

I  .  -'  I 

I  .  -  I  1  J 

J  .  >,, 

I  .-177 

4.57 

1 .024  2 

0  .  2  ^     t 

I  .  '"■  .^  •-  7 

7    ')!    1 

I    .0^72 

0  .  O2 

I.>..r.4,S 

I .  J  \ 
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as  aa  indicator.     Each  cubic  centimeter  of  tenth-normal  alkali  is  equiv- 
alent to  0.006  gram  acetic  acid. 


4. — Apparatus  for  DeteTmining  Volatile  Acids 

Non-Tolatile  Acids.— These  may  be  determined  by  difference,  cal- 
culating the  volatile  acids  for  purposes  of  subtraction  in  terms  of  tar- 
taric or  other  acid  in  which  the  total  acidity  is  expressed.  Non-volatile 
acid  may  be  directly  determined  by  evaporating  to  dryness  a  measured 
portion  of  the  liquor,  boiling  the  residue  with  water,  and  titrating  the 
solution  wiih  the  standard  alkali. 

Detection  of  Free  Tartaric  Acid. — Nessler's  Method. — Some  pot"- 
dered  cream  of  tartar  is  added  lo  a  poriion  of  the  wine  in  a  corked  flask, 
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Let  stand  at  least  fifteen  hours  at  room  temperature;  decant  the  liquid 
from  the  separated  acid  potassiiun  tartrate  as  rapidly  as  possible  (using 
vacuum)  through  a  Gooch  crucible  prepared  with  a  very  thin  film  of 
asbestos,  transferring  no  more  of  the  precipitate  to  the  crucible  than 
necessary.  Wash  the  precipitate  and  filter  three  times  with  a  small 
amount  of  a  mixture  of  15  grams  potassium  chloride,  20  cc.  of  95%  alco 
hoi  (specific  gravity  0.81),  and  100  cc.  water,  using  not  more  than  20  cc. 
of  the  wash  solution  in  all.  Transfer  the  asbestos  film  and  precipitate 
to  the  beaker  in  which  the  precipitation  took  place,  wash  out  the  Gooch 
crucible  with  hot  water,  add  about  50  cc.  of  hot  water,  heat  to  boiling, 
and  titrate  the  hot  solution  with  decinormal  sodium  hydroxide,  using 
delicate  litmus  tincture  or  litmus  paper  as  indicator.  Increase  the 
number  of  cubic  centimeters  of  decinormal  alkali  employed  by  1.5  on 
account  of  the  solubility  of  the  precipitate.  This  figure  multiplied  by 
0.015  gives  the  amount  of  total  tartaric  acid  in  grams  per  100  cc. 

Cream  0}  Tartar. — Ignite  the  residue  obtained  from  the  evaporation 
of  50  cc.  of  wine  as  directed  under  the  determination  of  ash.  Exhausl 
the  ash  with  hot  water,  add  to  the  filtrate  25  cc.  of  decinormal  hydro- 
chloric acid,  heat  to  incipient  boiling,  and  titrate  with  decinormal  alkali 
solution,  using  litmus  as  indicator.  Deduct  from  25  cc.  the  number 
of  cubic  centimeters  of  decinormal  alkali  employed,  and  muhiply  the 
remainder  by  0.0188  for  potassium  bitartrate  expressed  in  grams. 

Free  Tartaric  Acid, — Add  25  cc.  of  decinormal  hydrochloric  acid  to 
the  ash  of  50  cc.  of  wine,  heat  to  incipient  boiling,  and  titrate  with  deci- 
normal sodium  hydroxide,  using  litmus  as  indicator.  Deduct  the  number 
of  cubic  centimeters  of  alkali  employed  from  25,  and  muhiply  the 
remainder  by  0.0075  to  obtain  the  amount  of  tartaric  acid  necessary 
to  combine  with  all  the  asli  (considering  it  to  consist  entirely  of  ])otash). 
Deduct  the  figure  so  obtained  from  the  total  tartaric  acid  for  the  free 
tartaric  acid. 

Determination  of  Free  and  Combined  Malic  Acid  in  Cider  and  Wine. 
— Evaporate  100  ec.  of  the  sami)le  on  the  water-bath  to  half  its  vokime, 
cool,  and  treat  first  with  10  cc.  of  10%  calcium  chloride  solution,  and 
then  with  ammonia  to  strong  alkaline  reaction.  Let  stand  for  an  hour 
and  filter.  This  removes  the  tartaric  acid.  Concentrate  the  filtrate 
by  evaporation  on  the  water-bath  to  25  cc,  add  75  cc.  of  g^^[  alcohol, 
heat  to  the  boiling-point,  and  fiUer.  Wash  the  residue  with  a  mixture  of 
3  parts  95%  alcohol  and  i  part  water,  dry,  and  bum  to  an  ash.  Add 
25  cc.  of  tenth-normal  hydrochloric  acid  to  the  ash,  dilute  with  water, 
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heal  to  boiling,  and  titrate  with  tcnlh-normal  sodium  hydroxide,  using 
phcnolphthalein  as  an  indicator.  Multiply  the  difference  between  25 
and  the  number  of  cubic  centimeters  required  to  neutralize  by  0.0067 
for  the  grams  of  malic  acid. 

Polarization. — Results  are  T:sually  expressed  in  terms  of  the  undiluted 
product.  The  simplest  method  consists  in  treating  a  measured  amount 
of  wine  or  cider  with  one-tenth  of  its  volume  of  lead  subacctate,  filtering, 
and  polarizing  the  filtrate  in  the  200-mm.  tube.  The  reading  is  increased 
by  10%  for  the  true  direct  polarization.  If  the  filtrate  is  deeply  colored 
after  clarification  with  subacetate,  as  in  the  case  of  some  artificially  colored 
wines,  use  a  loo-mm.  tube  and  multiply  by  2  the  reading,  increased  by  lo^c- 

If  the  reducing  sugars  are  also  to  be  determined,  one  can  use  the  same 
solution  for  both  the  polarization  and  the  reducing  sugars,  as  follows : 

Exactly  neutralize  with  sodium  hydroxide  solution  a  measured  quan- 
tity of  the  wine,  using  Utmus  paper  as  an  indicator,  and  evaporate  on  the 
water-bath  to  about  one-fourth  its  original  volume.  Wash  with  water, 
into  the  measuring-glass,  add  enough  subacetate  of  lead  solution  to 
clarify,  and  make  up  with  water  to  the  original  volume.  Filter,  and  to 
a  measured  amount  of  the  filtrate  add  lo^o  of  its  volume  of  a  saturated 
solution  of  sodium  sulphate.  Again  filter  and  submit  to  jjolarization  a 
portion  of  the  filtrate,  making  the  lo^-o  correction  on  the  reading. 

If  the  invert  reading  is  desired,  subject  a  portion  of  the  filtrate  10 
inversion  as  described  under  Sugars. 

Detennioation  of  Reducing  Sugar. — Determine  the  reducing  sugar  as 
dextrose  by  the  Defren  or  the  .\llihn  meihod.  For  this  jiuqiosc  dilute  a 
portion  of  the  wine,  dealcohoUzed  and  clarified  as  described  in  the  pre- 
ceding section,  so  that  it  contains  about  one-half  of  1%  of  sugar  for  the 
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the  residue  in  10  cc.  of  absolute  alcohol,  and  transfer  to  a  flask  with  15  cc. 
of  ether.  Tightly  cork  the  flask,  shake,  and  allow  to  stand  for  some  time. 
Then  filter  into  a  tared  dish,  wash  with  a  mhcture  of  absolute  alcohol  (i 
part)  and  ether  (1.5  parts),  evaporate  the  filtrate  to  syrupy  consistency  on 
the  water-bath,  dty  in  a  water-oven  for  one  hour,  and  weigh  as  glycerin. 

With  plastered  wines  the  results  are  too  high,  for  the  reason  that  the 
potassium  sulphate  present  is  decomposed  by  the  lime  to  form  potassium 
hydroxide,  soluble  in  glycerin  and  alcohol.  In  such  wines  the  above 
residue  should  be  ignited,  and  the  ai?h  deducted  from  the  first  weight. 

Determination  of  Potassium  Sulphate. — Acidify  100  cc.  of  the  sample 
with  hydrochloric  acid,  heat  to  boiling,  and  add  an  excess  of  barium 
chloride  solution.  Filter,  wash,  dr}%  ignite,  and  weigh  as  barium  sul- 
phate, calculating  the  e(|uivalent  of  potassium  sulphate.  The  presence 
of  the  latter  in  excess  of  0.06  gram  per  100  cc.  indicates  plastering. 

Determination  of  Tannin. — An  approximate  method  of  determining 
tannin  is  that  of  Nessler  and  Barth.  12  cc.  of  wine  are  treated  with  30 
cc.  of  alcohol  and  filtered.  35  cc.  of  the  filtrate,  which  corresponds  to 
10  cc.  of  the  wine,  is  evaporated  to  about  6  cc.  and  transferred  to  a  lo-cc. 
graduated  centrifuge  tube.  A  few  drops  of  40%  sodium  acetate  are 
then  added,  and  a  slight  excess  of  10%  ferric  chloride.  The  tube  is 
corked,  gently  agitated,  and  allowed  to  stand  for  twenty-four  hours.  The 
volume  of  the  precipitate  is  then  measured,  each  cubic  centimeter  being 
equivalent  to  0.033%  of  tannin  in  the  wine. 

Foreign  Coloring  Matters  in  Wine. — A  wide  variety  of  artificial  colors 
have  been  found  in  red  wine.  Those  most  commonly  employed  at  present 
are  cochineal,  fuchsin,  and  acid  fuchsin. 

The   Pharniac()p(eia  ])rescribes  the  following  color  tests: 

If  2  cc.  of  red  wine  be  mixed  in  a  test-tube  with  2  drops  of  chloroform 
and  4  ec.  of  normal  ]>otassium  hydroxide,  and  the  mixture  carefully 
heated,  llie  disajj^reeahle  odor  of  isonitril  should  not  become  j)reccptiblc 
(absence  of  various  anilin  colors). 

If  50  ( e.  of  red  wine  ])e  treated  with  a  slight  excess  of  ammonia  water, 
the  licjuid  >houl(l  aeciuire  a  green  or  brownish-green  color;  if  it  be  'hen 
well  shaken  with  25  cc.  of  ether,  the  greater  portion  of  the  ctherea;  layer 
removed  and  evai)orale(l  in  a  ])orcelain  capsule  with  an  excess  of  acetic 
acid  and  a  few  fibers  of  uncolored  silk,  the  latter  should  not  ac([uire  a 
crimson  or  violet  color  (absence  of  fuchsin). 

If  25  cc.  of  red  wine  heated  to  about  45°  C.  be  well  agitated  with  25 
grams  of  manganese  dioxide,  the  liquid  filtered  oH  and  acidulated  with 
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hydrochloric  acid,  it  should  not  acquire  a  red  color  (absence  of  sulpho- 
fuchsin). 

Dupri's  Method  0}  Detection.* — Small  cubes  of  jelly  measuring  about 
2  cm,  in  thickness  are  prepared  as  follows:  Dissolve  i  part  of  pure 
gelatin  in  10  parts  boiling  water  and  pour  upon  a  plate  to  harden.  This 
is  then  cut  into  cubes  of  the  above  size  by  a  sharp  knife.  When  a  wine 
is  suspected  of  containing  foreign  color,  one  of  the  cubes  is  immersed 
therein  and  allowed  to  remain  for  twenty-four  hours,  after  which  it  is 
removed,  washed  slightly  in  cold  water,  and  cut  through  with  a  knife.  If 
the  color  is  a  natural  one,  it  will  Ughtly  tinge  the  outer  surface  of  the 
cube,  but  will  not  permeate  far  below  the  surface,  so  that  the  inner  por- 
tion of  the  cross-section  will  be  largely  free  from  color.  Nearly  all  foreign 
coloring  matters  used  in  wine,  such  as  most  coal-tar  dyes,  cochineal, 
Brazil  wood,  logwood,  etc.,  will  be  found  to  deeply  permeate  the  jeUy 
cube  often  to  ihe  center.  Information  as  to  the  nature  of  the  color  may 
sometimes  be  gained  by  immersing  the  dyed  jelly  cube  in  weak  ammonia. 
If  the  color  be  rosanilin,  the  cube  is  decolorized,  if  cochineal,  a  puqde 
coloration  will  result,  and  if  logwood,  a  brown  linge. 

Cazeneuve's  Methods  for  Detecting  Colors  in  Wine. — While  by  no 
means  complete,  the  following  method  of  Cazcncuvc  as  condensed  and 
arranged  by  Gautier  (La  Sophislicaiion  des  Vins)  will  often  be  found 
helpful.  If  other  colors  than  these  are  evidently  present,  tests  should 
be  made  as  indicated  in  Chapter  XVI.  Cazcncuvc  employs  the  fol- 
lowing reagents: 

(1)  Yellow  oxide  of  mercury,  fmely  pulvcri/.ed. 

(2)  Lead  hydrate,  freshly  preci])ilatcd,  well  washed,  suspendwi  in 
about  twice  its  volume  of  water;  to  be  kepi  in  a  stoppered  bottle;  should 
be  renewed  after  S' 


MLCOHOUC  BEyERAGES. 


Filtrate  colored  either  tiefore  c 

rafter  acidifying. 

Filtrate  col- 

£3 

Fillralc  rolorcd  yellow,     lO  cc 
of  Ihc  wine   arc  warmed  wilh  a 
grams  load  hydralo      l-'iln.T, 

Filtrate  colored  red.        o 
cc.  of  the  wine  are  treated 
mth  2  erams  lead  hydrau- 
and  Altered. 

acidifying. 

^  ■ 

Filirale  colored  ydlnw      "5  5? 
A  large  exccssof  lead     £.^53 
hvdr;.(e  wadded  and      g  1^  ? 
the  li<|uid  is  boiled.        t-f.  f's 

^2. 
S_5 

g         Filtrate  colorless. 

S      5-3^3                c. 

f  11.1  11 

^d 

11  g?  01^      ^^: 

^=■3  ai",  i 


fUt  Pii 


S^3 


!  1 1  imm  I 


m 


«j 


alls- 


:4°  r   ii« 


mi 


35  ?  ^SfSS'Ovi.-i-.-r  » 
5i  S  i5::S,5'5S'5-ESif  5. 


FOOD  INSPECTION  AND  ANALYSIS. 


UALT  LIQDORS.      BEEB. 


In  its  widest  sense  beer  may  be  defined  as  the  product  of  fermentation 
of  an  infusion  of  almost  any  farinaceous  grain  with  various  bitter  ejttract- 
ives,  but  unless  otherwise  qualitied  it  should  be  strictly  applied  to  the 
beverage  resulting  from  the  fermentation  of  malted  barley  and  hops. 
In  the  manufacture  of  beer  two  distinct  processes  are  employed,  viz., 
malting  or  sprouting  the  grain,  and  brewing.  Many  brewers  do  noth- 
ing but  the  latter,  buying  their  malt  already  prepared. 

Malting. — For  the  preparation  of  malt,  the  barley  is  steeped  in  water 
for  several  days,  after  which  the  water  is  drained  off  and  the  moist  grain 
is  "couched,"  or  piled  in  heaps,  on  a  cement  floor,  where  it  undergoes  a 
spontaneous  heating  process,  during  which  it  germinates,  forming  the 
ferment  diastase.  When  the  maximum  amount  of  diastase  has  been 
produced,  indicated  by  the  length  of  growth  of  the  sprout,  or  "acrospire '' 
whhin  the  grain,  the  germination  is  checked  by  spreading  the  grain  in 
layers  o\er  a  perforated  iron  floor,  and  finally  subjecting  it  to  artiiicial 
heat.  The  character  of  the  mall  and  of  the  beer  produced  from  it  depends 
largely  on  the  heat  at  which  the  "green"  malt  is  kiln  dried.  If  dried 
between  32°  and  37°  C.  it  forms  pale  malt,  which  produces  the  lightest 
grades  of  beer.  Most  beer  is  made  from  malt  dried  at  higher  tem- 
peratures, say  from  38°  to  50",  the  depth  of  color  of  the  liquor  var\-ing 
with  the  heat  to  which  the  mall  has  been  subjected,  while  the  color  of  ihe 
malt  varies  from  the  "pale"  ihfough  ihc  "amber"  to  "brown,"  or  even 
black.  The  darkest  grades  arc  sometimes  diinl  at  lemperaturus  over 
loo*^  C,  even  to  the  point  where  the  starch  becomes  caramelized. 
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Brewixig. — ^The  malt,  or  mixture  of  malt  and  raw  grain,  is  first  crushed 
and  ** mashed"  by  stirring  with  water  in  tubs  at  50®  to  60®  C,  finally 
heating  to  70®.  During  this  process  the  conversion  of  the  starch  to  mal- 
tose and  dextrin  takes  place.  The  resulting  liquor  is  known  as  **wort," 
containing,  besides  maltose  and  dextrin,  peptones  and  amides.  The 
clear  wort  is  then  drawn  off  from  the  residue,  and  boiled  to  concentrate 
the  product  and  to  sterilize  it,  after  which  hops  (the  female  flower  of 
the  Humuliis  liipidus)  arc  added  and  the  boiling  continued.  Hops 
contain  resins,  bitter  principles,  tannic  acid,  and  a  peculiar  essential  oil, 
all  of  which  arc  to  some  extent  imparted  to  the  wort.  After  cooling  and 
settling,  the  clear  wort  is  run  into  fermenting- vats,  where  selected  yeast, 
usually  saccharomvccs  ccrroisicc,  is  added,  and  the  alcoholic  fermentation 
allowed  to  proceed.  The  temperature  greatly  affects  the  character  of 
the  fermentation.  If  ke])t  between  5°  and  8°  C,  a  slow  fermentation 
proceeds,  known  as  bottom  fermentation,  during  which  the  yeast  settle^ 
out  at  the  bottom.  This  is  much  more  easily  controlled  than  the 
quick  or  top  fermentation,  which  takes  place  at  from  15°  to  18°,  much 
of  the  yeast  in  the  latter  case  being  carried  to  the  surface,  from  which  it 
is  finally  removed  by  skimming.  In  either  case  the  yeast  feeds  upon 
the  albuminous  matter  present.  At  the  proper  stage  the  beer  is  drawn  off 
from  the  larger  portion  of  the  yeast,  and  run  into  casks,  or  tuns,  in  which 
an  after-fermentation  proceeds.  The  beer  is  finally  clarified  by  treatment 
with  gelatin  or  beech  shavings  or  chips,  to  which  the  floating  yeast-cells 
and  other  impurities  attach  themselves.  It  is  finally  stored  in  barrels 
coated  with  brewers'  ])itch,  or  pasteurized  at  60°  C.  and  bottled. 

Varieties  of  Beer.  -Formerlv  the  division  of  beers  into  '*  lager." 
**schenk,"  and  ''bock"  was  made  by  reason  of  the  fad  that  beer  had  to 
be  brewed  under  certain  (limatic  conditicms  and  at  certain  seasons  only. 
Xo\y,  with  improyed  means  for  artificial  refrigeration,  and  with  better 
methods  controlling  all  stages  of  the  process,  these  distinctions  are  U'.-  s 
marked. 

L(/,i;rr  Brvr  ffrom  higcr,  a  storehouse)  is  a  term  originally  ai)pHed  to 
Bayarian  beer,  but  is  now  giyen  to  any  beer  that  has  been  stored  seyeral 
months.  Formerly  lager  iK'er  was  made  early  in  the  winter,  and  store-! 
in  cool  cellars  till  the  following  spring  or  summer,  during  nearly  all  of 
which  lime  a  >low  after- fermentation  took  place.  The  best  lager  beers 
contain  a  low  j)r()portion  of  hops,  and  are  high  in  extract  and 
alcohol. 

Schenk  Beer  is  a  quickly  fermented  beer  made  in  winter  for  immedi- 
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ate  use.  It  is  brewed  in  from  four  to  six  weeks  and  will  not  keep  long 
without  souring. 

Bock  Beer,  according  to  older  systems  of  nomenclature,  occupied  a 
middle  place  between  lager  and  schenk,  being  aa  extra  strong  beer  brewed 
for  spring  use  and  made  in  limited  quantities,  not  being  intended  for 
storage. 

Berlin  Weiss  Bier  is  prepared  by  the  quick  or  top  fermentation  of  a 
wort  consistii^  of  a  mixture  of  malted  barley  and  wheat  with  hops.  It  is 
high  in  carbon  dioxide,  being  usually  bottled  before  the  second  fermen- 
tation has  ended. 

Ale  is  virtually  the  English  name  for  beer.  It  is  usually  lighter  colored 
than  lager  beer,  being  made  from  pale  malt  by  quick  or  top  fermentation, 
and  containing  rather  more  hops  than  beer.  It  has  a  high  content  of 
sugar,  due  to  checking  fermentation  at  an  earlier  stage  than  in  ordinary 
beer. 

Porter  is  a  dark  ale,  the  deep  color  of  which  should  be  due  to  the  use 
of  brown  malt  dried  at  a  high  temperature,  but  which  is  sometimes  colored 
by  the  admixture  of  caramel.     It  has  a  large  extract,  chiefly  sugar. 

Stout  is  an  extra-strong  porter,  being  high  both  in  alcohol  and  extract. 

Composition  of  Beer. — Beer  is  a  somewhat  complex  liquor.  Besides 
water,  alcohol,  and  sugar,  it  contains  carbon  dioxide,  succinic  add,  dex- 
trin, glycerin,  tannic  acid,  the  resinous  bitter  principles  of  hops,  nitrog- 
enous bodies  (chiefly  peptones  and  amides),  alkaline  and  lime  salts 
(chiefly  phosphates),  fat  (traces) ,  acetic  acid  and  lactic  acid.  The  latter 
acid  constitutes  the  chief  fixed  acid  of  beer. 

The  following  analyses  of  different  varieties  of  beer  are  due  to  Kdnig: 
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of  liquor  sold  every  day  to  patrons  by  the  bottle  or  glass,  were  analyzed 
by  the  Board  of  Health  with  the  following  results: 


Per  Cent  of 

Original  Wort 

Extract. 

Per  Cent  of 

Alcohol  by 

Weight. 

Per  Cent  of 

Extract. 

Beer —       Maximum 

18.91 

7-33 
15.04 

15-99 
10-95 
13-56 

7.07 

I.IO 

4.45 
5-37 
3.53 
4.49 

7  :6 

Minimum 

1 '  t^' 
3-67 
5-92 

5-47 
3.3S 
4-54 

Mean 

Falc  ale — Maximum 

"Minimum 

Mean 

Five  out  of  the  15  beer  samples  and  3  out  of  the  7  ale  samples  con- 
tained salicylic  acid. 

The  percentage  composition  of  the  ash  of  German  beer  is  thus  given 
by  Konig  as  the  mean  of  19  analyses: 


Ash  in 

100  Parts 

Beer. 

Potash. 

Soda. 

Lime. 

Magnesia. 

Iron 
Oxide. 

Phos- 
phoric 
Acid. 

Sul- 
phuric       Silica. 
Acid. 

Chlorine. 

0.306 

3^-67 

8.94 

2.78 

6.24 

0.48 

31-35 

3-47 

9.29 

2.93 

Malt  and  Hop  Substitutes. — By  reason  of  the  fluctuation  in  market 
price  of  these  two  chief  constituents  of  beer,  it  sometimes  becomes  a 
question  of  economy  to  employ  cheaper  substitutes  wholly  or  in  part 
for  one  or  the  other.  There  are  two  classes  of  malt  substitutes,  (i)  those 
which,  like  com,  rice,  and  wheat,  are  mixed  directly  with  the  malt  before 
**  mashing,"  and,  like  the  malt,  have  to  undergo  a  saccharous  fermenta- 
tion before  being  acted  on  by  yeast,  and  (2)  such  substances  as  cane 
sugar,  invert  sugar,  commercial  glucose,  and  dextrin,  which  are  added 
to  the  wort  at  a  later  stage  in  the  brewing,  just  before  the  addition  of  the 
yeast,  being  in  condition  to  be  readily  acted  on  by  the  latter. 

Glucose  is  by  far  the  most  common  malt  substitute,  by  reason  of  the 
fact  that  its  sugars  much  resemble  those  of  malt,  and  are  in  readily  ferment- 
able form.  Diastase  forms  from  the  malt  dextrin  and  maltose,  while 
commercial  glucose  contains  dextrin,  maltose,  and  dextrose. 

When  the  price  of  malt  is  abnormally  high,  the  addition  of  glucose 
is  decidedly  economical,  but  when  ordinary  conditions  prevail,  the  cost 
of  the  two,  figured  with  reference  to  their  yield  in  alcohol  and  extract, 
is  about  the  same.  Aside  from  the  question  of  economy,  however,  there 
are  advantages  in  the  use  of  glucose,  such  as  diminishing  the  nitrogenous 
content  of  the  wort  without  lessening  the  alcohol  or  extract  yielded. 
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The  nitrogenous  matter  left  after  fermentation  is  one  of  the  chief 
causes  of  cloudiness  or  turbidity  in  the  finished  product,  and  is  some- 
time difficult  to  remove.  By  the  use  of  glucose,  especially  in  brewing 
dear  bottled  ales  and  sparkling  pale  beers,  the  appearance  of  the 
product  is  much  enhanced.  The  temptation  at  times  to  add  more 
glucose  than  is  necessary  to  accomplish  this  is  great.  A  h^h-grade  malt 
may  have  as  much  as  40%  of  glucose  added  to  its  wort  and  still  produce 
an  acceptable  beer.  With  a  low-grade  malt,  glucose  yields  a  very  poor 
quality  of  beer.  Hence  the  use  of  glucose  may  or  may  not  be  desirable, 
though  it  can  hardly  be  considered  unqualifiedly  as  an  adulterant. 

As  to  the  employment  of  hop  substitutes,  the  question  of  relative 
price  again  enters  in.  Only  when  the  price  of  hops  is  high  is  there  any 
$[>ecial  inducement  to  use  substitutes.  Quassia  wood,  chiretta,  gentian, 
and  calumba,  all  of  which  yield  bitter  principles,  have  been  used  in  beer, 
and  cannot  be  considered  detrimental  to  health.  Allen  and  Chattaway 
have  found  the  first  two  in  beer  examined  by  them.*  Such  poisonous 
substances  as  cocculus  indicus,  picric  acid,  and  str^'chnine  are  alleged  to 
have  been  used  as  hop  substitutes,  but  there  is  no  authentic  record  of  any 
of  them  ha\'ing  been  found  in  recent  years,  if  at  all. 

Adulteration  of  Beer  and  Standards  of  Ptuity. — The  Committee  on 
Standards  of  the  A.  O.  A.  C.  in  their  proposed  definitions  and  standards 
have  distinguished  between  malt  beer,  which  should  be  a  mall  liquor 
obtained  by  fermenting  an  infusion  of  malted  barley,  and  adding  thereto 
nothing  but  yea-st  and  hops,  and  beer,  or  lager  beer,  which  may  contain 
non-injurious  mah  and  hop  substitutes  in  addition  to  maU.  Their  pro- 
posed standard  for  mah  beer  is  as  follows; 

Alcohol  should  be  not  less  than  4^^^  by  volume;  Ihc  exlracl  should 
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*'malt  liquors,"  so  that  when  convictions  are  obtained,  it  is  necessary 
for  the  analyst  to  distinguish  between  liquors  brewed  wholly  or  in  part 
from  malt  and  those  in  which  no  malt  has  been  used,  but  which  were 
brewed  entirely  from  malt  substitutes.  This  distinction  is  not  always 
easy  to  make  with  precision.  In  the  absence  of  malt,  glucose  is  usually 
the  sole  source  of  alcohol  in  these  beverages.  Parsons  *  has  shown  that 
the  most  striking  points  of  difference  between  malted  and  non-malted 
liquors  arc  in  their  per  cent  of  phosphoric  acid  and  albuminoids,  and  that 
pure  malt  beer  or  ale  should  contain  at  least  0.04^0  ^2^bi  <irid  0.25% 
albuminoids  (NX6.25).  A  low  ash  and  high  content  of  sulphates  in 
the  ash  are  also  indicative  of  glucose.  The  following  analyses  made  by 
Parsons  clearly  show  these  distinctions: 

COMPOSITION  OF  SEVENTY-SIX  SAMPLES  OF  AMERICAN  MALT  LIQUORS. 
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TYPICAL  ANALYSES  OF  BEERS  APPARENTLY  NOT  BREWED  FROM  MALT. 
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The  ;ish  of  the  fifth  sample  is  thus  compared  with  that  of  the  average 
beer  as  <^iven  by  Blylh: 

Malt  BccT  "No-tnalf  Beer 

(Hlyth).  (Parsons). 

K,0 37.22  12.93 

Na._.() 8.04  19.61 

Ca( ) 1 .93  Undetermined 

M-0 5.51 

Fe.()3 Trace 

SO3 1.44  10.81 

P2O5 32.09  10.71 

CI 2.91  21.76 

SiO^ 10.82  7.50 

*  Jour.  Am.  Chem.  Soc.,  24,  1902,  p.  11 70. 
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Preservatives  in  Beer, — .\ntiseptics  are  frequently  added  to  malt 
liquors,  salic>'!ic  acid  being  most  commonly  used.  Fluorides  of  ammo- 
nium and  sodium  have  been  found  in  American  beer.  Other  prcser\'a- 
lives  to  be  lookod  for  are  benzoic  acid  and  sulphites.  Beer  casks  are 
frequently  "sulphured"  or  fumed  with  a  solution  of  calcium  bisulphite, 
so  that  the  beer  may  derive  its  content  of  sulphites  from  this  source. 

In  cases  of  police  seizure  of  beer  sold  in  bulk  or  in  opened  bottles  for 
the  purpose  of  ascertaining  whether  or  not  their  alcoholic  content  exceeds 
certain  limits  fixed  by  law,  a  little  formalin  had  best  be  added  as  soon 
possible  after  the  seizure  to  prevent  further  fermentation.  This  is  espe- 
cially desirable  in  cases  where  there  is  likely  to  be  some  delay  in  making 
the  analysis,  so  as  to  forestall  any  claim  on  the  part  of  the  defendant  of 
additional  alcohol  being  formed  after  the  seizure.  From  6  to  8  drops  of 
&  40%  solution  of  formaldehyde  to  a  quart  of  beer  is  sufficient,  and  this 
quantity  will  not  appreciably  affect  the  analysis. 

Arsenic  in  Beer. — In  1900  a  very  disastrous  epidemic  of  arsenical 
poisoning  occurred  in  Manchester,  England,  involving  several  thousand 
cases,  many  of  which  were  fatal.  The  arsenic  was  traced  to  sulphuric 
acid,  which  entered  into  the  manufacture  of  commercial  glucose  used 
in  the  beer,  the  acid  found  so  highly  arsenical  being  made  from  a  certain 
variety  of  Swedish  pyrites,  which  was  found  to  be  abnormally  high  in 
arsenic.  There  appeared  to  be  no  doubt  whatever  that  the  beer  was  the 
sole  cause  of  the  trouble.  While  the  presence  of  arsenic  was  in  this  case 
accidental,  carelessness  was  shown  on  the  part  of  those  having  to  do  with 
the  purity  of  the  materials  entering  into  the  composition  of  the  beer. 
Fortunately  no  other  instances  arc  on  record  of  arsenical  poisoning  from 
malted  liquore.     A  large  number  of  samples  of  American  boor  have  been 
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position  of  many  of  these  beverages  is  identical  with  that  of  lager  beer, 
excepting  in  alcoholic  content,  being  made  by  substantially  the  same 
process  and  out  of  the  same  ingredients,  but  with  the  alcphol  finally 
removed  by  steaming,  so  that  the  liquor  comes  within  the  limits  of  a 
temperance  beverage. 

Of  this  class  is  Uno  beer,  which  ranges  from  0.6  to  0.9  per  cent  in 
alcohol. 

Methods  of  Analysis. — For  determinations  of  specific  gravity,  alcohol, 
extract  (l^y  direct  method),  and  ash  see  pp.  527,  528,  and  547.  For  pre- 
servatives see  Chapter  XVII. 

Calculation  of  Extract  in  Beer. — ^Whcn  extreme  accuracy  is  desired, 
the  result  obtained  by  evaporating  at  100°  a  weighed  amount  of  the 
beer  cannot  be  accepted,  on  account  of  the  dehydration  of  the  maltose  at 
a  temperature  exceeding  75^  C.  Unless  the  evaporation  is  conducted 
at  that  temperature  (a  difficult  operation),  a  closer  approximation  to  the 
truth  is  obtained,  especially  with  beer  high  in  sugar,  by  calculation  as 
follows. 

Evaporate  a  measured  quantity  of  the  beer  to  one-fourth  its  volume 
on  the  water-bath,  make  up  with  water  to  its  original  measure,  and  deter- 
mine the  specific  gravity  of  the  dealcoholized  beer.  Then  by  means  of 
Schultz  and  Ostermann's  table,  pp.  582-6,  calculate  the  extract  corre- 
sponding. 

Original  Gravity  of  Beer  Wort  and  its  Determination. — Following  a 
long-established  custom  of  the  EngUsh  excise,  the  duty  on  beer  has  been 
based  on  the  si)ecific  gravity  of  the  original  wort,  by  which  is  meant  the 
wort  of  the  beer  l)cfore  any  of  its  sugar  has  been  lost  by  fermentation. 

From  the  content  of  alcohol  in  the  beer  the  sugar  originally  j)resenu 
in  the  wort  m:iy  l^e  calculated,  assuming  that  the  alcohol  amounts  to 
about  half  the  sugar  used  up  in  fermentation. 

(.)l)tain  the  s})eciric  gravity  of  the  beer,  dealcoholized  and  made  up 
to  its  original  volume,  as  in  the  calculation  of  the  extract.  This 
is  called  tlie  ''extract  gravity."  Note  the  s])cciric  gravity  correspond- 
ing to  tlie  alcohol  found,  i.e.,  the  specific  gravity  of  the  distillate  in  the 
alcohol  determination,  wlien  made  up  to  the  original  volume,  and  subtract 
this  from  i.  The  difference  is  known  arbitrarily  as  the  ^^  degree  of  s|)irit 
indication." 

From  the  table  of  Graham,  Hofmann,  and  Redwood,*  p.  587^ 
the  ** degrees  of  gravity  lost"  corresponding  to  the  *' spirit  indication" 

*  Report  on  Original  Gravities,  1852;  .\llcn's  Com.  Org.  Anal.,  I.,  p.  136. 
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EXTRACT  IN  BEER  WORT* 

[ACCOBDtNC   TO  SCHULTZ   AND   OSTEUUNM.] 
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EXTRACT  IN  BEER  WORT— (Con/in wed). 
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are  ascertained.    This  figure  is  added  to  the  ''extract  gravity"  to  find 
the  ** original  gravity  of  the  wort." 


SUGAR  USED  UP  IN  FERMENTATION. 
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Example, — Suppose  the  *' extract  gravity"  is  1.0389  and  the  specific 
gravity  of  the  alcoholic  distillate  is  0.9902,  both  at  15.6.  Then  i  —0.9902  = 
0.0098,  the  **  degree  of  spirit  indication."  From  the  above  table  the  cor- 
responding ** degree  of  gravity  lost"  is  found  to  be  0.0432. 

0.04324-1.0389  =  1.0821,  the  original  gravity  of  the  wort. 

The  calculation  in  the  above  simplified  form  is  accurate  for  normal 
beer  wherein  the  free  acid  present,  expressed  as  acetic,  does  not  exceed 
o.i^r.  In  case  of  l)eer  that  has  developed  free  acid  much  in  excess  of 
the  above  limit,  a  correction  should  be  added  to  the  degrees  of  spirit 
indication.  This  correction,  wliich  in  practice  it  is  rarely  necessar}'  to 
apply  except  in  extreme  cases  of  old  or  sour  beer,  is  calculated  as  follows: 

If  a  represents  tlie  grams  of  free  acid  (as  acetic)  in  100  cc,  then  the 
correction  to  be  added  to  the  sj)irit  indication  =0.0013^1— 0.00014. 

Kxamplr.  -  Sii])])osing  the  "extract  gravity**  to  be  1.0413,  the  specific 
gravity  of  the  alcoholic  (h'stillate  to  be  0.9890,  and  the  free  acid  as  acetic 
to  be  0.35^  (..    Then  1—0.989=0.0110,  the  degree  of  spirit  indication. 

0.35X0.0013-0.00014=0.0003,  correction  to  be  added  to  the  spirit 
indication. 

0.01104-0.0003-^0.0113,  corrected  spirit  indication. 
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From  the  above  table  the  corresponding  degrees  of  gravity  lost  are 
0.0506 : 

0.0506+ 1.0413=  1-0919,  the  original  gravity  of  the  wort. 

Detennmatioa  of  Total,  Hxed,  and  Volatile  Acids.  —  A  measured 
volume  of  the  beer,  say  10  cc,  is  freed  from  carbon  dioxide  by  bringing 
to  boQing.  It  is  then  cooled  and  titrated  with  tenth-normal  sodium 
hydroxide,  using  neutral  litmus  solution  as  an  indicator.  Each  cubic 
centimeter  of  tenth-normal  alkali  is  equivalent  to  0,009  gram  of  lactic 
acid,  in  which  the  total  acidity  b  usually  expressed. 

Fixed  acid,  also  expressed  as  lactic,  though  small  quantities  of  suc- 
cinic, tannic,  and  malic  acids  are  usually  also  present,  is  determined  as 
follows:  Dealcoholize  a  measured  amount  of  the  beer,  say  10  cc.,  by 
evaporation  to  one-fourth  its  volume,  dilute  with  water  to  the  original 
volume,  and  titrate  ftith  tenth-normal  alkali,  as  before. 

Volatile  acid  is  expressed  as  acetic,  and  is  usually  calculated  by  dif- 
ference between  total  and  fixed  acid.  Each  cubic  centimeter  of  tenth- 
normal alkali  is  the  equivalent  of  0.006  gram  acetic  acid. 

Determination  of  Proteids. — Fifty  cc.  of  the  beer  arc  first  treated 
with  s  cc.  of  dilute  sulphuric  acid,  and  concentrated  by  boiling  to  syrupy 
consistency.  Then  proceed  by  the  Gunning  method,  p.  6i.  Nx6.2S  = 
proteids. 

Determination  of  PboBphoric  Acid. — Unless  the  sample  is  very  dark- 
colored,  sufficiently  close  results  can  usually  be  obtained  by  direct  titra- 
tion of  the  beer  itself  with  uranium  acetate  solution.  For  very  accurate 
results  the  ash  should  be  used.  Prepare  a  solution  of  uranium  acetate  of 
such  strength  that  20  cc.  will  correspond  to  o.i  gram  PjOj.  This  solution 
is  best   standardized  against  pure,  crystallized,  unefflorcsced,  ]K)\vdered 
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drops  of  the  solution  to  a  porcelain  plate,  and  touching  with  a  drop  of 
freshly  prepared  potassium  ferrocyanide  solution.  When  the  slightest 
excess  of  uranium  acetate  has  been  added,  a  reddish-brown  color  is  pro- 
duced by  the  ferrocyanide.  The  uranium  acetate  solution  is  purposely 
made  rather  stronger  than  necessary  at  first,  and  by  repeated  trials  is 
brought  by  dilution  with  water  to  the  required  strength  (20  cc.  equivalent 
to  50  cc.  of  the  phosphate  solution). 

Fifty  cc.  of  the  beer  are  heated  to  90°  or  100°  C.  and  titrated  with 
the  uranium  acetate  solution  under  the  same  conditions  and  in  precisely 
the  same  manner  as  when  standardizing  that  solution.  Each  cubic  centi- 
meter of  the  uranium  acetate  corresponds  to  0.01%  ^>f  l^^^s- 

For  the  |)hosphoric  acid  determination  in  the  ash,  50  cc.  of  the  beer 
are  incinerated  in  the  regular  manner,  and  the  ash  moistened  with  con- 
centrated hydrochloric  acid.  The  acid  is  then  evaporated  off  on  the 
water-bath,  after  which  the  ash  is  boiled  with  50  cc.  of  distilled  water,  and 
titrated  with  the  standard  uranium  solution. 

Determination  of  Carbon  Dioxide.* — In  the  case  of  beer  and  other 
carbonated  drinks  put  up  in  corked  bottles,  the  carbon  dioxide  may  be 
readily  determined  by  piercing  the  cork  with  a  metal  champagne  tap, 
which  is  connected  by  a  flexible  tube,  first  with  a  safety  flask  and  then 
with  an  absorption  apparatus  somewhat  after  the  style  of  that  used  in 
the  determination  of  carbon  dioxide  in  baking  powder,  the  liberated 
carbon  dioxide  being  absorbed  for  weighing  in  a  concentrated  solution 
of  potassium  hydroxide  contained  in  a  tared  Liebig  bulb.  The  beer- 
bottle  thus  connected  is  immersed  in  a  vessel  of  water,  which  is  heated 
over  a  gas-flame,  after  all  the  carbon  dioxide  that  will  escape  spontaneously 
has  been  allowed  to  do  so.  Before  weighing  the  absorbed  carbon  dioxide, 
the  V)ecr-b()ttle  is  rej)lacc(l  by  a  soda-lime  tube,  and  a  current  of  air  drawn 
through  the  tubes. 

Beer  and  ale  i)Ut  up  in  l)ottles  having  patent  metallic  or  rubber  st()j)j)ers 
cannot  thus  be  treated.  In  tliis  case  a  measured  ([uantity,  say  200  cc, 
of  the  samj)le  is  transferred  as  c^uickly  as  possible  to  a  large  flask  j)ro- 
vided  with  an  ()Utlet-tul)e  having  a  glass  stopper,  this  being  connected 
up  with  the  safety-flask  and  absorption-tubes.  In  this  case  heat  may  be 
directly,  though  cautiously,  applied  to  the  flask  containing  the  beer  by 
means  of  a  gas-flame,  after  all  the  carbon  dioxide  has  gone  over  that  will 
do  so  spontaneously.     Exactly  the  same  apparatus  as  that  shown  in  Fig. 


♦  U.  S.  Dept.  of  Agjric,  Bur.  of  Chem.,  Bui.  65,  p.  95. 
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65  may  be  used  to  advantage  for  determination  of  carbon  dioxide  in  beer, 
except  that  a  lai^er  dlstilling-flask  should  be  used  in  the  case  of  beer. 

Detection  of  Bitter  Principles. — Elaborate  schemes  have  been  worked 
out  for  the  systematic  treatment  of  beer  and  ale  for  bitter  principles.  Nearly 
all  of  these  are  complicated  and  somewhat  unsatisfactory.  The  presence 
of  alkaloids  in  malt  liquors,  deliberately  introduced  during  the  process 
of  manufacture,  is  now  so  rare  that  the  analyst  need  seldom  look  for  them, 
except  in  cases  of  suspected  poisoning,  when  the  scheme  of  Dragendorf  * 
or  of  Otto-Stas  should  be  employed.  While  it  is  somewhat  difficult  to 
positively  identify  the  various  alkaloids,  it  is  usually  easy  to  prove  their 
absence  in  clear  solutions,  if  on  treatment  with  either  of  the  general 
alkaloidal  reagents,  Mayer's  solution  (Reagent  No.  1 70),  or  iodine  in  potas- 
sium iodide  (Reagent  No.  143),  no  precipitate  is  formed. 

It  is  comparatively  easy  to  prove  the  mere  presence  or  absence  of  hop 
substitutes.  The  bitter  principle  of  hops  is  readily  soluble  in  ether, 
when  a  sample  of  the  beer  evaporated  to  syrupy  consistency  is  extracted 
therewith,  while  the  bitters  of  quassia  and  aloes,  common  hop  substitute;, 
arc  insoluble  in  ether.  Though  many  varieties  of  bitters  might  be  C-ii- 
ployed  that  are  soluble  in  ether,  the  absence  of  a  bitter  taste  from  the 
ether  extract  is  evidence  of  the  absence  of  hops. 

The  most  marker!  diiTcrence  analytically  between  hops  and  their 
substitutes  in  malt  liquois  lies  in  the  fact  that  Ihc  bitter  principle  of  hois 
is  completely  precipitated  therefrom  by  treatment  of  the  beer  with  lead 
acetate  (cither  basic  or  neutral),  leaving  no  bitter  lasLe  in  the  filtrate 
after  concentration,  while  if  any  of  the  hop  substitutes  are  present,  liic 
concentrated  filtrate  from  the  lead  acetate  treatment  will  have  a  bitter 
taste.     The  excess  of  lead  should  be  removed  from  the  filtrate,  before 
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On  treatment  of  quassiin  with  bromine  and  sodium  hydroxide  or 
ammonia,  a  bright-yellow  color  is  shown. 

Chireiia  is  readily  dissolved  by  ether  from  its  aqueous  solution.  Its 
ether  residue,  when  treated  with  bromine  and  ammonia,  gives  a  straw 
color,  slowly  changing  to  a  dull  purple-brown.  This  is  not  true  of 
its  chloroform  residue,  so  that  it  is  not  to  be  mistaken  for  quassia 
(Allen). 

Gentian  Bitter  may  be  extracted  by  treatment  of  the  acid  liquor  with 
chloroform.  When  the  residue  containing  gentian  bitter  is  treated  with 
concentrated  sulphuric  acid  in  the  cold,  no  color  is  produced,  but  on 
warming  gently  a  carmine-red  color  is  shown;  if  further  treated  with 
ferric  chloride  solution,  a  green-brown  color  is  formed. 

Aloes, — ^This  substance  is  separated  from  beer  by  treating  the  dried 
residue  from  200  cc.  of  the  beer  with  warm  ammonia,  filtering,  cooling, 
and  treating  the  filtrate  with  hydrochloric  acid.  The  resin  of  aloes  is 
precipitated  and  collected  on  a  filter.  It  is  insoluble  in  cold  water,  ether, 
chloroform,  or  petroleum  ether,  but  is  soluble  in  alcohol.  It  has  a  very 
characteristic  odor,  which  serves  to  identify  it.  The  hot-water  solution 
gives  a  curdy  precipitate  on  treatment  with  lead  acetate. 

Capsicin  is  extracted  by  treatment  of  the  acid  liquor  with  chloroform. 
It  is  recognizable  by  its  sharp,  pungent  taste. 

Detection  of  Arsenic. — By  ihe  Marsh  Method. — Measure  100  cc.  of 
the  beer  (freed  from  carbon  dioxide  by  agitation)  into  a  seven-inch  porce- 
lain evaporating-dish,  add  20  cc.  pure  concentrated  nitric  acid,  and  3  cc. 
pure  concentrated  sulphuric  acid,  and  cautiously  heat  till  vigorous  chemi- 
cal action  sets  in,  accompanied  by  frothing  and  swelling  of  the  beer.  Turn 
the  flame  low  or  remove  it  altogether,  and  stir  vigorously  till  the  frothing 
ceases,  after  which  tlic  licjuid  may  be  boiled  freely.  At  this  stage 
transfer  to  a  large  casserole,  and  continue  the  boiling  till  nearly  all 
the  nitric  acid  is  driven  off.  Then,  holding  the  casserole  by  the  handle, 
continue  the  healing  till  the  mass  chars  and  the  fumes  of  sulphuric  acid 
are  .i^iven  off,  giving  the  casserole  a  rotar}'  motion  to  ]>revent  sj)Uttering. 
The  residue  should  be  reduced  to  a  dr}',  black,  i)ulvenilent  char  soon  after 
the  sulj)liuric  acid  fumes  l;egin  to  come  ofl  freely.  If  still  licjuid,  pieces  of 
filter-paper  should  be  stirred  in  while  still  heating,  till  the  residue  is  dr}^, 
avoiding  an  excess  of  paper. 

Cool,  add  50  cc.  of  water,  and  remove  the  masses  of  cliar  from  the  sides 
of  the  dish  by  the  stirring-rod.  Heat  to  boiling  and  filter.  Use  the 
filtrate  for  the  Marsh  apparatus,  adding  it  gradually. 
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The  arsenic  mirror  may  be  weighed  in  the  usual  manner,  if  of  suffi- 
cient size. 

Reinsch's  Test* — Two  hundred  cc.  of  the  beer  are  acidified  with  i  cc. 
of  pure,  concentrated,  arsenic-free  hydrochloric  acid,  and  evaporated  to 
half  its  volume.  15  cc.  more  of  hydrochloric  acid  are  then  added,  and 
a  piece  of  pure  burnished  copper  foil  half  an  inch  long  and  a  quarter  of 
an  inch  wide  is  immersed  in  the  liquid  and  kept  in  it  for  an  hour  while 
simmering,  replacing  from  time  to  time  the  water  lost  by  evaporation.  If 
after  the  lapse  of  an  hour  the  copper  still  remains  bright,  no  arsenic  is 
present. 

If  the  copper  shows  a  deposit,  remove,  wash  with  water,  alcohol,  and 
ether,  and  dry.  Then  place  the  copper  in  a  subliming-tube,  and  heat 
over  a  low  flame.  Tetrahedral  crystals,  apparent  under  the  microscope, 
show  the  presence  of  arsenic.  Blackening  of  the  copper  does  not  in  itself 
prove  arsenic. 

Halt  Extract. — ^Tnie  malt  extract  is  a  syrupy  fluid  having  a  specific 
gra\ity  of  from  1.3  to  r,6,  and  made  up  in  accordance  with  the  following 
directions  of  the  1880  Pharmacopceia :  Upon  100  parts  of  coarsely 
powdered  malt  contained  in  a  suitable  vessel,  pour  roo  parts  of  water, 
and  macerate  for  six  hours.  Then  add  400  parts  of  water,  heated  to 
about  30*^  C,  and  digest  for  an  hour  at  a  temperature  not  exceeding  55°  C. 
Strain  the  mixture  with  strong  pressure.  Finally,  by  means  of  a  water- 
bath  or  vacuum  apparatus,  at  a  temperature  not  exceeding  55°  C,  evapo- 
rate the  strained  liquid  rapidly  to  the  consistence  of  thick  honey. 

Keep  the  product  in  well-closed  vessels  in  a  cool  place. 

Such  an  extract  has  a  residue  of  at  least  70%,  consisting  chiefly  of 
maltose,  and  contains  about  2%  of  diastase.  It  should  furthermore  be 
capable  of  convening  its  own  weight  of  hlarch  at  5^;°  C.  in  less  than  ten 
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There  are  on  the  market  many  so-called  malt  extracts  widely  advertised 
for  their  tonic  and  medicinal  virtues,  having  the  taste  and  consistency 
of  beer  or  ale.  In  fact  they  are  virtually  beer,  differing  therefrom  mainly 
in  respect  to  price.  Such  **malt  extracts"  have  no  diastase,  and  their 
value  as  nutrients  depends  almost  entirely  on  their  sugar  content. 

Harrington  *  has  analyzed  twenty-one  of  the  best  known  of  these 
alleged  malt  extracts,  the  maximum,  minimum,  and  mean  results  of  his 
analyses  being  as  follows: 


I 


Gntviiv. 


Alcv'hol. 


Maxirnuin i  .0555 

Mininuim :        1.0149 

Mian I        


7-13 
0-74 
3-94 


T.tnl 
R  -iiiu' 


Ash. 


1 3  -  ^>3 
8.78 


0-53 
0.20 


Xonc  of  them  contained  any  diastase,  and  several  were  preserved 
\vith  salicylic  acid. 

DISTILLED   LIQUORS. 

These  beverages  diflfer  from  those  hitherto  considered,  by  reason  of 
their  high  alcoholic  content  and  low  extract  or  residue.  Indeed,  when 
first  distilled  they  are  entirely  without  residue,  but  from  long  storage  in 
casks,  they  absorb  certain  extractives  from  the  wood,  that  impart  more 
or  less  flavor  as  well  as  color. 

When  any  fermented  alcoholic  infusion  is  subjected  to  distillation 
under  ordinary'  circumstances,  a  distillate  results  which  consists  of  a 
mixture  with  water  of  a  large  number  of  alcohols,  chief  among  which 
is  ethyl  alcohol.  The  high  boiling  alcohols — amyl,  butyl,  i)ropyl,  etc., 
with  their  esters — exist  in  the  distillate  in  small  amount,  constituting 
what  i>  known  as  fusel  oil.  The  various  distilled  TKjuors  of  commerce 
are  made  ])y  just  sueli  a  ])roeess  of  distillation,  the  product  var\'inLi;  widely 
in  flavor  and  character  with  the  l^asis  from  which  it  was  disiilled. 

By  the  ])rocesses  involvini^  the  use  of  the  so-called  pot->till  (tlie  old- 
fashioned  copper  still  and  worm),  it  was  imposhil)le  to  obtain  a  })ure  con- 
centrated ethyl  alcohol  from  fermented  grain  mash,  the  basis  of  whiskey, 
except  bv  manv  renealed  distillations. 

Now,  however,  by  the  use  of  improved  apparatus,  such  as  the  ColTey 
still,  involving  the  ])rinciple  of  fractional  condensation,  it  is  possible  to 
obtain  what  is  known  as   **  silent  spirit,"  or  ethyl  alcohol,  free  from 


*  Boston  Medical  and  Surgical  JoumaI«  Dec  31,  1896. 
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fusel  oil.    With  proper  appurtenances  for  rectifying,  one  can  now  obtain 
95%  alcohol  by  two  distillations. 

Compo^tion  of  Fusel  OIL — Fusel  oil  varies  considerably  in  compo- 
sition with  the  source  from  which  it  is  derived.  Amyl  alcohol,  being 
in  all  cases  Its  chief  constituent,  is  frequently  known  commercially  as 
fusel  oil.  The  alcohols  found  in  fusel  oil  with  their  formulas,  specific 
gravity,  and  boiling-points  are  as  follows: 


Ethyl  alcohol... 
Propyl      "      ... 

Butyl        "      ... 

He:^a        "      !!! 


C,H,OH 
C,H,OH 
C,H,OH 
C,H„OH 
C,H„OH 


78.4" C 
97"  C. 

130°  C. 


The  following  acids  have  been  found  in  fusel  oU^  usually  combined 
with  the  alcohols  to  form  compound  ethers: 

.\cetic HC,H.O,  Caproic HC,H„0, 

Propionic HCjHjOj  (Enanthylic HCjH„0, 

Butyric HC,H,0,  Capr>lic HC,H,50, 

Valerianic HCsH,0,  Pclargonic HC,H„0, 

Aging. — Freshly  distillfd  liquors  all  contain  notable  quantities  of 
fusel  oil,  which  renders  them  harsh  and  unfit  for  use,  but  by  the  process 
of  aging,  the  fusel  oil  becomes  gradually  transformed  into  the  comi)ound 
ethers  that  impart  to  the  various  li(|uors  their  distincti\-e  bouquet,  or  flavor. 
Two  or  three  years  are  usually  required  for  the  natural  aging  process. 
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Rarely  malt  alone  is  used,  but  more  often  the  grain  most  abimdant 
in  the  locality  where  the  whiskey  is  distilled  forms  the  basis  of  the  liquor. 
Bourbon  whiskey  (made  originally  in  Bourbon  County,  Kentucky)  is 
made  from  a  mixture  of  grain,  50  to  60  per  cent  of  which  is  com,  10% 
malt,  and  the  balance  rj^e. 

Corn  alone  mixed  with  malt  is  employed  in  some  localities,  and  pure 
rye  whiskey  is  made  from  r\'e  and  malt.  Scotch  and  Irish  whiskey  is 
commonly  made  from  a  mixture  of  oats,  barley,  rye,  and  malt. 

Potatoes  sometimes  form  the  basis  of  the  mash,  the  starch  being  con- 
verted to  sugar  cither  by  mixture  of  the  pulped  potato  with  malt,  or  by 
boiling  with  dilute  sulphuric  acid  and  afterwards  neutralizing,  as  in  the 
manufacture  of  commercial  glucose. 

The  fcrmenled  wort  obtained  from  either  source  is  subjected  to  dis- 
tillation, without  any  attempt  to  rectify  or  separate  out  the  fusel  oil.  The 
product  of  the  first  distillation  is  called  **low  wines*'  and  is  redistilk'd; 
the  product  of  the  second  distillation  is  commonly  dividerl  into  three 
fractions,  of  which  the  middle  portion,  or  ** clean  spirit,''  is  retained  for 
the  whiskey,  while  the  first  (**foreshots")  and  the  last  fraction  (faints) 
are  mixed  with  the  next  portion  of  low  wine  to  be  redistilled.  If  the 
whiskey  is  too  high  in  alcohol,  it  is  diluted  to  the  proper  strength.  While 
the  last  fraction  on  redistillation  is  highest  in  fusel  oil,  notable  quan- 
tities of  the  latter  are  present  in  the  new  whiskey,  giving  it  a  crude,  harsh 
taste.  It  is  therefore  subjected  to  **  aging,"  or  storing  in  casks,  preferably 
for  a  number  of  years.  This  aging  process  softens  and  refines  the  flavor, 
due  to  the  transformation  of  the  fusel  oil  into  compound  ethers.  When 
first  distilled  whiskey  is  ])erfcctly  colorless,  but  during  the  aging  it  extracts 
more  or  less  color  and  some  flavor  from  the  oak  casks  in  which  it  is  stored. 
Its  flavor  varies  c()nsi(lcra])ly  with  the  nature  of  the  grain  used  in  its  ])U'|)a- 
ration.  Malt  dried  over  ])urning  turf  or  peat  (as  used  in  the  manufacture 
of  Scoicli  wliiske}  j  :i((|uins  a  not  unp'.easant  .-nioky  taste,  which  it  imparls 
to  the  fini>hed  i)rodi:el. 

Composition.  -  Wliiskey  c()nsi>ts  chiefly  of  alcohol  and  water,  with 
the  flavor  due  lo  its  fusel  oil  derivatives.  Its  extract,  derived  mainly 
from  I  he  wine-ca^k  in  which  it  is  stored,  should  C(msist  onlv  of  traces  of 
tannin,  sugar,  and  coloring  matter.  It  has  a  ver}'  small  amount  of 
volatile  oil,  rarely  exceeding  o.i^/t,« 

Thirty-seven  samples  of  whiskey,  purchased  by  the  glass  from  various 
Massachusetts  sal(K:)ns,  were  examined  by  the  Massachusetts  State  Board 
of  Health  in  1894,  with  the  following  results: 
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Per  Cent       |        p^  (-^^ 

Maximum I         45 .1)6  t.6S 

Minimum j         30-70         1         0.08 

Mean.. I         36.51         '         0.50 

Seven  of  these  samples  had  an  excess  of  tannic  acid,  three  had  no 
tannic  acid  at  all,  two  or  three  had  insoluble  residues,  and  one  showed 
notable  traces  of  fusel  oil. 

Adulteration  of  Whiskey  and  Standards  of  Purity. — ^Thc  U.  S.  Pharma- 
copceia  fixes  the  following  requirements  for  whiskey:  It  should  be  at 
least  two  years  old;  in  specific  gravity  it  should  \\j  between  the  limits 
of  0.930  and  0.917;  its  alcoholic  content  should  be  not  le.^s  than  44^  nor 
more  than  50^1,  by  weight;  its  residue  should  be  not  more  than  o.zs'^j ; 
ihe  residue  from  100  cc,  which  should  be  neither  sweet  nor  s[»icy,  should 
dis,solvc  in  10  cc.  of  cold  water,  and  this  solution  should  be  colored  only 
a  pale  green  when  treated  with  a  drop  of  ven'  dilute  ferric  chloride  solu- 
tion (a  deeper  color  would  indicate  more  than  traces  of  tannin).  In 
evaiHirating  the  liquor  on  the  water-bath  for  the  residue,  the  last  traces 
volatilized  should  have  an  agreeable  (xlor  free  from  harshness,  indicative 
of  the  absence  of  fusel  oil.  Its  reaction  should  be  slightly  acid,  but  not 
more  than  1,2  cc.  of  normal  alkaH  should  be  required  to  neutralize 
100  cc.  of  the  liquor,  using  phenol]>hthalein  as  an  indicator. 

The  standards  suggested  for  adoption  to  the  .-V.  O.  A.  C.  by  its  Com- 
mittee <m  Standards  arc  as  follows :  Alcohol  not  less  than  44^1;  by  volume 
nor  more  than  55*^^  ;  solid  matter  not  more  than  0.25' ,'. 

Artificial  Whiskey.^ — WTiiskcy  i,;  often  artilK-ially  concocted  by  dilut- 
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** Beading  oil"  is  prepared  by  mixing  48  ounces  oil  of  sweet  almonds 
with  12  ounces  C.  P.  sulphuric  acid,  neutralizing  with  ammonia,  adding 
double  the  volume  of  proof  spirits,  and  distilling.  This  preparation  is 
so  called  because  it  is  largely  used  for  putting  an  artificial  bead  on  cheap 
liquors. 

A  little  creosote  is  sometimes  added  to  give  a  burnt  taste  in  sem- 
blance of  Irish  whiskey.  Pungent  materials  such  as  cayenne  pepper 
are  said  to  be  used  as  adulterants,  but  no  record  is  known  of  any  substance 
being  used  more  injurious  than  the  alcohols.  Sugar  is  a  frequent  adul- 
terant. 

Some  doubt  exists  as  to  the  injurious  eflfects  of  fusel  oil  on  the  system. 

BRANDY,   OR   COGNAC. 

Brandy  is  the  product  of  the  distillation  of  fermented  grape  juice  or 
wine.  In  a  broader  sense  the  term  brandy  is  sometimes  applied  to  liquor 
distilled  from  the  juices  of  other  fruits,  such  as  apples,  peaches,  cherries, 
etc.  The  finest  grades  of  brandy,  such  as  pure  cognac  and  armagnac 
(named  from  towTis  in  France  in  which  they  were  originally  distilled), 
arc  made  from  choice  white  wine  by  the  use  of  pot  stills,  and  naturally 
conmiand  a  high  price.  Brandy  of  a  lower  grade  is  distilled  from  the 
cheaper  wines,  and  sometimes  from  the  fermented  marc,  or  refuse,  of  the 
grape,  as  well  as  from  the  lees  and  "scrapings"  of  the  casks.  The  best 
brandies  are  sometimes  rectified  by  a  second  distillation.  Like  whiskey, 
the  fresh  brandy  is  colorless,  and  would  so.  remain  if  stored  in  glass  or 
stone.  The  color  is  due  to  the  wooden  casks  in  which  it  is  stored.  Brandv 
consists  of  nearly  j)ure  alcohol  and  water,  having  a  characteristic  llavor, 
differing  somewhat  according  to  the  nature  and  quality  of  the  wine  from 
which  il  was  j)reparcd.  The  chief  flavor  of  pure  cognac  is  due  to  a'nan- 
thic  ether. 

Thirty-seven  samples  of  brandy,  collected  from  Massachusetts  bar- 
rooms in  1894  and  examined  by  the  State  Board  of  Health,  showed  the 
following  results: 


Maximum 
Minimum. 
Mean. . . . 


Per  Cent 

Alcohol  by 

WciKht. 


50.70 
21.30 

40.54 


Per  C<nt 
Extract. 


3.00 
0.10 

0-93 
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Three  of  these  samples  were  artificially  prepared  mixtures  of  alcohol 
and  water,  one  showed  the  presence  of  cloves,  five  contained  tannin  in 
excess,  nine  were  excessively  acid,  two  contained  fusel  oil,  and  two  had 
insoluble  residues. 

Adulteration  end  Standards  of  Purity. — According  to  the  U.  S.  Phar- 
macopccia,  brandy  should  be  at  least  lour  years  old;  its  specific  gravity 
should  be  not  more  than  0.941  nor  less  than  0.925;  its  alcoholic  con- 
tent should  be  from  39  to  47  per  cent  by  weight ;  its  residue  should  not 
exceed  1.5%;  the  residue  from  100  cc.  should  dissolve  readily  in  10  cc. 
of  cold  water,  and  this  solution  should  not  be  colored  deeper  than  a  pale 
green  by  the  addition  of  dilute  ferric  chloride  solution  {absence  of  more 
than  traces  of  tannin) ;  the  residue  should  not  be  sweet  nor  spicy  in  taste; 
a  marked  disagreeable  pungent  odor  of  fusel  oil  should  not  manifest 
itself  on  the  volatilization  of  the  last  traces  of  alcohol  in  evaporating 
for  the  residue;  in  acidity,  not  more  than  i  cc.  of  tenth-normal  alkali 
should  be  required  to  neutralize  100  cc.  of  the  brandy,  using  phenol- 
phthalein  as  an  indicator. 

The  suggested  standards  for  the  A.  O.  A.  C.  place  the  limits  of  alcohol 
between  44  and  55  per  cent  by  volume,  and  the  solid  matter  not  to  exceed 

0.35%- 

Much  of  the  brandy  sold  on  the  market  is  of  the  "improved,"  or 
"blended,"  variety,  having  for  its  basis  alcohol  reduced  to  the  requisite 
strength,  flavored  cither  by  the  admixture  of  real  brandy,  or  by  various 
preparations  such,  for  example,  as  syrup  of  raisins,  prune  juice,  rum, 
acetic  ether,  ccnanlhic  ether,  infusion  of  green  walnut-hulls,  infusion  of 
bitter  almond  shells,  calechu,  balsam  of  Tolu,  etc. 

Fleischman  gives  the   following   reciiie   for  arlilicial  brandy  of  the 
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Genuine  new  brandy  may  be  "aged"  or  "improved"  for  inmiediate 
use,  according  to  Duplais,  by  adding  to  loo  liters  the  following: 

Old  rum 2.00  liters 

Oldkirsch* 1.75     " 

Infusion  of  walnut-hulls 75  liter 

Syrup  of  raisins 2 .00  liters 

The  addition  of  sugar  and  caramel  to  brandy  is  very  common.     The 

lack  of  flavor  resulting  from  the  employment  of  '^silent  spirit,"  or  from 

•  watering  the  product,  may  be  compensated  for  by  the   employment  of 

so-called  cognac  essences  sokl  for  the  purpose,  containing  mixtures  of 

the  aromatic  compounds  named  above. 


RUM. 

Rum  is  the  liquor  distilled  from  fermented  molasses  or  cane  juice, 
or  from  the  scum  and  other  waste  juices  from  the  manufacture  of  raw 
sugar.  The  molasses  wort  is  mixed  with  the  residue  from  a  previous 
fermentation  and  allowed  to  ferment  for  a  number  of  days,  after  which 
it  is  distilled  twice  and  stored  in  wood  for  a  long  time,  to  remove  the  dis- 
agreeable odor,  which  in  the  new  product  is  especially  marked.  The 
characteristic  flavor  of  old  rum  is  due  to  a  mixture  of  butyric  and  acetic 
ether,  principally  the  former.  Pineapples  and  guavas  are  often  put 
in  the  still  to  impart  a  fruity  flavor.  The  best  varieties  of  nim  come 
from  Jamaica  and  Vera  Cruz. 

Thirty-nine  samples  of  rum,  sold  at  retail  in  Massachusetts  in  1894, 
were  examined  by  the  State  Board  of  Health  with  the  following  results: 


Per  Cent 

Alcohol  by 
Weight. 

Per  Cent 
Extract. 

Maximum 

42.9 
24.7 

37.1 

0.04 
0.51 

Minimum 

^Ican 

Of  these,  two  samples  were  new  rum,  and  several  were  entirely  arti- 
ficial. 

The  suggested  standard  for  rum  of  the  A.  O.  A.  C.  sets  the  alcoholic 
content  between  44  and  55  per  cent  by  volume.  More  or  less  factitious 
rum  is  sold  on  the  market,  made  up  of  alcohol  diluted  to  the  right  strength, 

♦  Brandy  distilled  from  cherry  wine. 
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colored  with  caramel,  and  flavored  by  ihe  addition  of  "rum  essence." 
Prune  juice  is  sometimes  added. 

Fleischman  gives  the  following  recipe  for  low-grade  artificial  rum: 

Spiri,s 40  gallons 

New  England  mm 5      " 

Prune  juice J  gallon 

Caramel 13  ounces 

Rum  essence 8      " 

The  "rum  essence"  is  made  up  by  distilling  32  ounces  of  a  mixture 
of  2  ounces  black  oxide  of  manganese,  4  ounces  pyroligneous  acid,  32 
ounces  alcohol,  and  4  ounces  sulphuric  acid.  To  this  is  added  32  ounces 
of  acttic  ether,  8  ounces  of  butyric  ether,  16  ounces  saSron  extract,  and 
■J  ounce  oil  of  birch. 


Gin  is  an  alcoholic  liquor,  flavored  with  the  volatile  oil  of  juniper  and 
sometimes  with  other  aromatic  substances,  such  as  coriander,  grains  of 
paradise,  anise,  cardamom,  orange-puel,  and  fennel.  The  choicest  variety 
is  known  as  Schiidam  schnapps,  named  from  the  town  of  Schiedam  in 
Holland,  where  there  are  upwards  of  200  distilleries  devoted  to  the  manu- 
facture of  gin.  The  mash  used  for  this  ^-a^icty  is  fermented  by  yeast 
from  malted  barley  and  rj-e,  after  which  it  is  distilled  and  redistilled 
in  pot  stills  with  juniper  berries  and  sometimes  hops. 

Juniper  berries,  to  which  the  most  characteristic  flav{)r  of  gin  Is  due, 
are  dark  blue  in  color,  and  possess  a  pungent  taslc.  They  grow  on  the 
slender  evergreen   shrub   Juniperus   communis.      Gin   diffL-rs   from   the 
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Methods  of  Analysis  of  distilled  Liqvors.— Alcohol  and  Extract 
are  determined  as  directed  on  pages  528  and  547.  Acidity  is  determined 
by  titrating  directly  a  measured  volume  of  liquor,  say  100  cc,  with 
tenth-normal  alkali,  using  phenolphthalcin  for  an  indicator  and  calcu- 
lating results  as  acetic  acid,  0.006  gram  of  which  is  the  equivalent  of  i  cc. 
of  the  s'andard  alkali. 

Detection  of  Fusel  Oil. — In  the  process  of  dcalcoholizing  a  liquor  by 
evaporation  in  an  open  dish  over  the  water-bath,  one  may  readily  delect 
fusel  oil,  if  present,  by  its  harsh  and  nauseating  odor,  if  the  nose  is  applied 
just  at  the  moment  when  the  last  traces  of  alcohol  are  going  otT.  At 
this  stage  any  considerable  trace  of  fusel  oil  will  be  especially  apparent 
by  the  elTect  on  the  throat  of  the  one  who  smells  il,  causing  an  uncon- 
trollable desire  to  cough.  Other  ways  of  applying  the  odor  test  consist 
in  pouring  a  small  portion  of  the  spirit  into  the  hand,  and  allowing  il  to 
evaporate  slowly  therefrom,  or  in  rinsing  out  a  warm  glass  wilh  the  liquor, 
observing  the  odor  in  each  case. 

Goebel  suggests  the  following  test,  based  on  the  detection  of  the 
volatile  acids:  Agitate  about  30  cc.  of  the  liquor  with  2  or  3  cc.  of 
a  dilute  solution  of  potassium  hydroxide;  evaporate  over  the  water- 
bath  to  the  volume  of  2  or  3  cc,  cool,  and  to  the  residue  add  5  or  6  cc.  • 
of  concentrated  sulphuric  acid.  If  fusel  oil  be  present,  the  character- 
istic odors  of  valerianic  and  butyric  acids  will  be  apparent. 

Determination  of  Fusel  Oil. — The  Rdse-Stutzer-Windlsch  Method,"^ — 
The  ai)paratus  recommended  for  this  determination  is  Brom well's  modi- 
fication of  Rose's  fusel  oil  apparatus. 

This  apparatus  consists  of  a  pear-shaped  bulb  holding  about  200  cc, 
stoppered  at  the  uj)per  end  and  sealed  at  the  lower  to  a  graduated  s:em 
about  4  mm.  in  internal  diameter.  To  the  lower  end  of  this  graduated 
stem  is  a  sealed  bulb  of  20  c(\  caj)acity,  the  lower  end  of  which  hears  a 
stoj)-c()ck  tube.  The  a{)paratus  i^  graduated  to  0.02  cc  from  20  cc  to 
22.5  cc 

Tile  reagents  required  are  fusel-free  alcohol,  that  has  been  ])repared 
by  fractional  di-t illation  over  caustic  soda  or  caustic  {)OLash  and  diluted 
to  exactly  30^^'  by  volume  (>pecitic  gravity  0.96541),  chloroform  freed 
from  water  and  redistilled,  and  sulphuric  acid  (specific  gravity  1.2857 
at  iS.C""). 

Distill  slowly  200  cc  of  the  sample  under  examination   (havin;^  first 

♦Arbeit,  d.  kaisorl.  Gcsund.    1889,  5,  391.     2>?its.   f.  anal.   Chcm.,   34  (1895),  Amll. 
Verordn.  u.  Eri.  S.  2.     U.  S.  Dcpt.  of  Agric,  Bur.  of  Chem.,  Bui.  46,  p.  69. 
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made  alkaline)  till  about  175  cc.  have  passed  over,  allow  the  distilling- 
flask  to  cool,  add  25  cc.  of  water,  and  distill  again  till  the  total  distillate 
measures  200  cc.  Dilute  .he  distillate  to  exactly  30%  by 
volumc  {specific  gravity  0.96541  at  15.6°). 

Prepare  a  water-balh  the  contents  of  which  arc  kepi 
at  exactly  15°,  and  place  in  it  the  apparatus  (covering 
the  end  of  the  tube  with  a  rubber  cap  to  prevent  wetting 
the  inside  of  the  tube)  and  flasks  containing  the  30^^ 
fusel-free  alcohol,  chloroform,  sulphuric  acid,  and  the 
distillate  diluted  to  30%  by  volume.  When  the  solu- 
tions have  all  attained  the  temperature  of  15°,  fill  the 
apparatus  to  the  20-cc.  mark  with  the  chloroform,  draw- 
ing it  through  the  lower  tube  by  means  of  suction,  add 
100  cc.  of  the  30%  fusel-free  alcohol  and  i  cc.  of  the 
sulphuric  acid,  invert  the  apparatus  and  shake  vigorously 
for  two  or  tha-e  minutes,  interrupting  once  or  twice  to 
open  the  stop-cock  for  the  purpose  of  equalizing  pressure. 
Allow  the  apparatus  to  stand  ten  or  fifteen  minutes  in 
water  that  is  kept  at  Ihe  temperature  of  15°,  turning 
occasionally  to  hasten  the  separation  of  the  reagents,  and 
note  the  volume  of  the  chlon)form.  After  thoroughly 
cleansing  and  drj'ing  the  apparatus,  repeat  this  operation, 
using  the  diluted  distillate  from  the  sample  under  ex- 
amination in  place  of  Ihe  fusel-fa-e  alcohol.  The  increase 
in  the  chloroform  volume  with  the  sample  under  exami- 
nation over  that  with  the  fusel-free  alcohol  is  due  ;o 
fusel  oil,  and  this  difference  (exjiR-ssed   in  cubic  cenli- 
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Determination  of  Ethereal  Salts.  —  Provisional  Method  of  the 
A.  O.  A,  C. — Neutralize  the  residue  left  after  distillation  in  the  fusel  oil 
determination  with  N/io  HjSO^,  and  add  an  excess  of  10  cc.  of  the  acid. 
Let  stand  5  minutes  and  make  up  to  200  cc.  Titrate  2  portions  of  25  cc. 
each,  using  as  indicators  methyl  orange  in  the  first  and  phenolphthalein 
in  the  second.  The  difference  gives  the  amount  of  alkali  necessary  to 
neutralize  the  organic  acids  in  25  cc.  of  the  sample.  By  subtracting  from 
this  figure  the  number  of  cubic  centimeters  of  alkali  required  for  the 
free  acids,  and  muhiplying  the  result  by  0.0088,  the  number  of  grams  of 
ethereal  salts  (calculated  as  ethyl  acetate)  in  25  cc.  of  tlie  sample  is  de- 
termined. 

Furfurol    in    Distilled    Liquors  and  its  Determination. — Furfurol  is 

found  in  liquors  distilled  from  starchy  materials  in  pot  stills,  or  those 
heated  by  direct  contact  with  the  fire,  but  not  in  liquors  produced  by 
indirect  or  steam  boiling.  Hence  the  furfurol  is  believed  to  be  due  to 
the  charring  of  these  starchy  ingredients. 

McGill  *  describes  the  following  colorimetric  test :  Fifty  cc.  of  the 
liquor  to  be  tested  are  measured  into  a  Nessler  tube,  and  i  cc.  of  anilin 
reagent  f  is  added.  In  the  presence  of  furfurol  a  reddish  color  is  pro- 
duced, dependent  in  depth  on  the  amount  present,  but  readily  observable 
with  0.001%.  Results  are  reported  as  distinct,  faint,  or  none,  though 
approximate  quantitative  results  are  possible,  if  the  color  is  matched 
against  a  known-strength  solution  of  furfurol  similarly  treated. 

Detection  of  Caramel. — Crampton  and  Simons^  Methods. — {a)  With 
Fullers^  Earth.% — Mix  by  vigorous  shaking  in  a  corked  flask  50  cc.  of  the 
liquor  with  25  grams  of  fullers'  earth,  let  stand  for  half  an  hour,  and  filter. 
A  naturally  colored  licjuor  will  show  little  change  in  color  in  the  filtrate, 
while  a  lic^uor  colored  with  caramel  will  be  largely  decolorized,  or  at  least 
dej)rived  of  such  of  the  color  as  is  due  to  caramel.  By  comj)aring  in 
test-tubes  the  relative  lengllis  of  column  of  the  filtrate,  and  the  original 
liquor  diluted  with  water  to  match  the  tint  of  the  filtrate  when  viewed  from 
above,  one  can  approximately  estimate  the  amount  of  caramel  used. 

All  varieties  of  fullers'  earth  do  not  possess  the  property  of  absorbing 


*  Bui.  27  Canada  Inland  Rev.  Dcpt. 

t  The  reagent  us<-d  is  made  uj)  as  follows: 

Redistilled  anilin i  volume 

Glaeial  acetic  acid i       " 

Distilled  water 2  volumes 

J  Jour.  Am.  Chem.  Soc.,  21  (1899),  p.  355. 
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caramel  in  equal  d^ree.     When  a  satisfactory  variety  is  obtained,  it 
is  well  to  procure  a  large  amount  for  reagent  purposes. 

(6)  WUh  Ether.* — Evaporate  50  cc.  of  the  liquor  nearly  but  not  quite 
to  dryness  on  the  water-bath.  Wash  with  water  into  a  50-cc.  graduated 
glass-stoppered  flask,  add  25  cc.  of  absolute  alcohol,  and  fill  to  the  mark 
with  water.  Shake,  and  transfer  25  cc.  of  the  solution 
to  a  separatory  funnel  of  the  type  represented  in  Fig. 
116,  the  stem  of  which  terminates  in  a  ag-cc.  graduated 
bulb  pipette,  provided  with  a  stop-cock  as  shown. 

Add  50  cc.  of  ether,  and  shake  carefully  at  intervals 
during  half  an  hour.  After  complete  separation,  make 
up  the  lower  aqueous  layer  with  water  to  the  25-cc. 
mark,  which  may  be  done  by  siphoning  it  in  through  a 
rubber  tube  from  an  elevated  flask,  controlling  the  sup- 
ply by  the  stop-cock.  Shake  the  separatory  funnel,  and 
again  allow  the  layers  to  separate,  draw  off  the  aqueous 
layer,  and  compare  with  the  color  of  the  original  litjuor. 
Ether  will  readily  dissolve  the  natural  color  due  to  oak- 
1^  wood  (mainly  llavescin),  while  caramel   is   insoluble  in 

Tjr  ether.      Hence  ether  acts   in   a   reverse   manner   to   the 

ap]  fullers'   earth,  partially    decolorizing    naturally    colored 

■j  liquor,  and  showing  little  change  of  color  with  sanipU-s 

treated  with  caramel.      Less  variation  in  color  between 
Pio_  116.— Separa-  tbc  original   and   final   solution   is  sho^vTi  by  the  ether 
y  Funnel  for  treatment  than  by  that  with   fullers'  earth,  though,  ac- 
cording to  Crampton  and  Simons,  the  two  methods  arc 
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bidity  certainly  furnishes  a  rough  distinguishing  test,  indicating  in  some 
cases  the  exclusive  use  of  rectified  spirit. 

LIQUEURS  AND   CORDIALS. 

These  are  manufactured  beverages,  usually  high  in  alcohol  and  sugar, 
flavored  with  a  wide  variety  of  aromatic  herbs  or  essences,  and  often 
strongly  colored.  Red  colors  most  frequently  used  for  this  purpose 
are  cochineal,  cudbear,  and  red  sandal  and  Brazil  woods;  for  yellow 
colors,  caramel  and  saffron-yellow  are  employed;  for  blue,  indigo;  and 
for  green,  chlorophyll  and  malachite  green. 

Some  of  the  oldest  of  the  liqueurs,  such  as  chartreuse  and  b^n^dictine, 
derive  their  names  from  certain  monasteries  of  Europe,  in  which  they 
have  been  made  for  many  years. 

Absinthe  is  one  of  the  best-known  cordials,  made  by  redistilling  40% 
alcohol  in  which  wormwood,  anise,  sweet  flag,  and  marjoram  leaves 
have  been  macerated.  Sometimes  coriander  and  fennel  are  also  used. 
It  is  highly  intoxicating. 

Curofoa  is  made  by  distilling  dilute  spirits  in  which  Curayoa  orange- 
peel,*  cinnamon  and  often  other  spices  have  been  soaked,  and  by  adding 
sugar  to  the  resulting  liqueur. 

De  Brevans  gives  the  following  recipe  for  curayoa: 

Rasped  skins  of 18  or  20  oranges 

Cinnamon 4  grams 

Mace 2      ** 

Alcohol  (85%) 5  liters 

While  sugar 1750  grams 

Macerate  for  fourteen  days,  distill  without  rectification,  and  color  with 
caramel. 

Angostura  owes  its  llavor  to  Angostura  bark  and  various  spices. 

Maraschino  had  originally  for  its  basis  the  fermented  juice  of  the 
sour  Italian  clicrr\',  lo  which  honey  was  added.  It  is  more  commonly 
made  by  (Hsiilling  a  mixture  in  alcohol  of  ripe  wild  cherries,  raspbenies, 
cherr\-  leaves,  {)cach  nuts,  and  orris.     Finally  sugar  is  added. 

Chartreuse  and  Benedictine  contain  much  sugar,  and  are  flavored 
with  the  volatile  oils  of  angelica,  hyssop,  nutmeg,  and  peppermint. 

Noyau,  or  Creme  de  Noyau,  is  a  preparation  distilled  from  brandy, 

♦  This  is  a  very  rare  and  highly  prized  orange,  g^wing  in  the  island  of  Curagoa. 
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bitter  almonds,  mace,  and  nutmeg.  Sugar  and  coloring  matter,  usually 
pink,  are  added  to  the  final  product. 

Crime  de  Menlhe,  according  to  De  Brevans,  is  made  by  distilUng  a 
mixture  of 

Peppermint 600  grams 

Balm 40 

Sage 10 

Cinnamon 20 

Orris  root 10 

Ginger 15 

Alcohol  (80%) 5030  cc. 

producing  finally  10  liters  of  the  liquor,  after  3750  grams  of  white  sugar 
have  been  introduced. 

The  green  color  of  crfime  de  menthe  is  almost  entirely  artificial.  The 
better  grades  arc  colored  with  an  alcoholic  solution  of  chlorophyll,  deri\'ed 
by  macerating  bruised  green  leaves  of  various  jJants  with  alcohol  for 
several  days.     Coal-tar  dyes  are  used  in  the  cheaper  grades. 

The  following  analyses,  due  to  Konig,  show  the  chemical  composition 
of  the  best-known  cordials: 
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oils  is  shown,  if  on  treatment  of  a  few  ciibic  centimeters  of  the  sample 
in  a  test-tube  with  water  a  precipitate  is  formed. 
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CHAPTER  XV. 
VINEGAR. 

Vinegar  is  the  product  formed  by  the  acetic  fermentation  of  an  alco- 
holic liquid  under  the  influence  of  the  organism  mycoderma  aceti,  existing 
in  the  **  mother-of- vinegar. "  While  vinegar  may  be  made  directly  from 
a  dilute  solution  of  pure  alcohol,  it  is  more  often  obtained  from  fruit  juice, 
wine,  or  other  saccharine  liquid  that  has  first  undergone  alcoholic  fer- 
mentation. 

Of  the  following  equations,  (i)  and  (2)  illustrate  the  processes  of 
inversion  and  alcoholic  fermentation  respectively,  while  (3)  and  (4)  show 
the  double  process  of  acetic  fermentation,  wherein  the  alcohol  is  oxidized, 
first  to  acetaldehyde  and  finally  to  acetic  acid: 

C„H„0„+H,0  =  2C,H,A; (I) 

Cane  sugar  Invert  sugar 

C,HiA=2C,H.O+2CO,; (2) 

Invert  sugar,       Alo^hol 
dextrose,  or 
maltose 

QH,0  +  0=C,H,0+H,0; (3) 

Alcohol  Aldehyde 

C,H,0+0  =  C,HA-     .    c (4) 

Aldehyde  Acetic  acid 

In  addition  to  the  acetic  acid,  its  chief  active  principle,  vinegar  usually 
contains  traces  of  other  organic  acids  free  or  combined,  small  amounts 
of  alcohol,  aldehyde,  sugar,  glycerin,  coloring  matter,  aromatic  ethers, 
and  nw'ncral  salts,  its  extract  var)ing  considerably  with  the  source  from 
which  the  vinegar  was  obtained. 

Varieties. — The  principal  varieties  of  vinegar  are  the  following:  Cider 
vinegar,  wine  vinegary  malt  or  beer  vinegar,  spirit  vinegar,  glucose  vinegar, 
molasses  vinegar,  and  wood  vinegar,  the  three  last  being  more  frequently 
used  as  adulterants  of  the  others. 
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Hanufacture  of  Vinegar. — Cider  vinegar,  the  principd  variety  used  in 
the  United  States  and  Canada,  was  formerly  made  almost  entirely  by  the 
slow  process  of  cask  fermentation,  the  fresh  cider  being  allowed  to  undergo 
both  alcoholic  and  acetic  fermentation  in  barrels  with  open  bung-holes  in 
a  warm  cellar,  or  exposed  to  the  sun.  Two  or  three  years  are  required 
for  this  process.  Sometimes  fresh  cider  is  added  to  the  barrels  at  regular 
intervak  of  two  or  three  weeks,  thus  causing  a  series  of  progressive  fer- 
mentations. The  acetic  fermentation  is  hastened  by  adding  old  vinegar, 
or  mothcr-of- vinegar  to  the  cider.  While  fanners  and  some  manufac- 
turers still  continue  to  make  cider  vinegar  by  the  slow  process,  the  quick 
or  "generator"  vinegar  process  is  now  much  used  for  cider  vinegar, 
though  originally  intended  and  almost  exclusively  used  in  the  manufacture 
of  malt,  beer,  and  spirit  vinegar.  This  process  requires  only  two  or 
three  days  for  complete  acctification.  In  the  quick  process,  the  cider 
or  other  alcohoUc  liquor  is  allowed  to  percolate  slowly  through  beech- 
wood  shavings  or  birch  iwigs,  held  in  a  cask  known  as  a  generator, 
provided  with  a  perforated,  false  bottom,  the  shavings  or  twigs  being 
previously  saturated  with  old  vinegar,  and  a  current  of  air  being  passed 
up  through  them. 

The  alcoholic  liquid  from  which  genuine  malt  vinegar  is  made  is 
derived  from  the  wort  obtained  by  mashing  malt",  or  a  mixture  of  malt 
and  barley.  Spirit  vinegar  is  derived  from  diluted  whiskey,  brand}-,  or 
grain  alcohol.  Wine  vinegar  is  made  by  allowing  the  wine  to  stand  over 
wine  lees  for  a  lime,  after  which  it  is  clarified  by  passing  through  beech 
shavinj^s,  and  subjected  to  progres.sive  acctification  in  large  open  oak 
casks,  10  which  the  wine  is  added,  the  vinegar  being  drawn  off  in  much 
the  same  manner  as  the  slow-process  cider  vinegar. 

Characteristics  ahd  Compositioh  of  the  Various  Vihegars. 
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Maximum. 
Minimum. 
Average. .. 


Acetic 
Acid. 

Total 
Sotids. 

Ash. 

AlkaHn- 
ityof 
Ash-i 

5.86 
3-92 

4-84 

3-20 
1.84 

2.49 

0.42 
0.20 

0.34 

36.1 
22.2 
29.7 

PjPb  in  Ash  of  xoo 
Grams  Vinegar. 


Soluble     Insoluble 
(mgr.)    '    (mgr.). 


31-7 
12. 1 

19.2 


31.5 

6.5 
15.6 


Reducing  Sugars. 


Before 
Inversion. 


After 
Inversion. 


Maximum . 
Minimum. 
Average . . . 


0.51 
0.2^ 


0-53 

O.T5 
0-2^ 


Polariza- 

tion, 

Degrees 

Malic 

Ventzke 

Acid. 

joo-niin. 

Tube. 

-3-6 

0.16 

-0-3 

0.08 

-1-3 

O.II 

Per  Cent 

Ash  in 

Total 

Solids. 


19.0 
10. 0 

13-8 


Per  Cent 

Reducing 
Sugars 

in  Total 
Scjlids. 


16.6 

7-3 
10.7 


Ratio  of 

Soluble 
t' )  T(  ital 


Alkalin- 
ity of 
I  Gram  of 
Ash,  CO. 

N    ... 
—  Acid. 
10 


66 . 9 


.•> 


0.0 


56-3 


125.0 
69.0 
90.0 


*  NumlHjr  of  cubic  centimeters  of  tenth-normal  acid  to  neutralize  the  ash  of  100  grams  of  vinegar. 

Twenty-two  sam[)les  of  pure  cider  vinegar  were  analyzed  by  A.  W. 
Smith*  with  the  following  results: 


Maximum. 
Minimum. 
Average. . . 


Acetic 
Acid. 

Total 

Solids. 

1 

7.61 

3-24 
4.46 

4.45 
2.00 

2.83 

Ash. 


Alkalinity 
I  of  Ash.» 


0.51 
0.31 

0-39 


I 


55.2 
28.4 
38.8 


Solub.^ 
P20e. 


22.7 
13.6 
19. 1 


Insoluble      Total 
P2O5.     1     PaOft. 


19.4 

4.2 

10. 1 


39.0 
19.8 

28.6 


'  Number  of  cubic  centimeters  of  tenth-normal  acid  required  to  neutralise  the  ash  from  100  grams 
of  vinegar. 

The  com[)()sition  of  cider  vinegar  ash  is  found  by  Doolitth*  and  Hess  f 
to  be  as  follows: 

Calcium  ().\icle CaO 3.4    to    8.21 

Magnesium  oxide ^^^O 1.88  "    3.44 

Potassium  oxide K.0 4^>-33   ^*  ^5-^4 

Sodium  oxide Xa^O None 

Sulphuric  anhydride....  SOg 4.66loi().29 

Phosj)horic  anhydride  .  .  \\0^ 3--9 ''    ^-^6 


Iron  oxide Fe^O,   None  ''  Irac 


e 


CO,  and  loss 


ii 


0.00     40.44 


Wine  Vinegar  is  light  yellow  if  made  from  white  wine,  and  red  if  from 
red  wine.    The  former  is  the  highest  prized.     Wine  vinegar  varies  in  specific 

♦  Jour.  Am.  Chem.  Soc.,  20  (1898),  p.  6. 
t  Ibid,t  22  (1900),  p.  220. 
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gravity  from  1.0129  to  1.0213,  and  contains  from  6  to  9  per  cent  of  acetic 
acid.  It  is  characterized  chiefly  by  the  bitartrate  of  potassium  (cream 
of  tartar)  which  true  wine  vinegar  always  possesses.  Free  tartaric  acid 
is  also  usually  present.  Wine  vinegar  is  the  principal  vinegar  of  France 
and  Germany.  In  the  United  States  the  tenn  white  wine  \Tnegar  is 
usually  applied  to  distilled  or  spirit  vinegar,  which  is  much  cheaper  than 
the  real  wine  vinegar  and  altogether  inferior  to  it. 

Wine  vinegar  is  slightly  hevo-rotary  with  polarized  light. 

The  composition  of  genuine  white  wine  vinegar  is  shown  by  the  follow- 
ing summary  of  the  analyses  of  twenty-two  samples,  made  in  the  Municipal 
Laboratory  of  Paris: 


'      Specific 

l^ 

Sugmr. 

Biurtniie 

ol  Potuh. 

A>h. 

<.*JS,. 

Maximum 1.0113 

Mew 1     1-0.75 

1-93 

0.46 
0.06 

0.36 
0.07 
0.17 

0.3J 

7.38 

4-44 
7.3S 

Wcigmann  gives  the  following  average  of  analyses  of  red  wine  vinegar: 


IsrsK. 

Acetic 

ToUJ, 
Add. 

Free 

'"at 

TartM, 

Alcohol.    Extr»ctJ     ^^^^ 
1                 J     „nr.. 

Aih. 

e 

I. 0143 

7-79 

0.116  1   0.006 

0.057 

1.19    1  0.863  1    O.I41 

0.118 

"-" 

Halt  or  Beer  Vinegar  is  of  a  brown  color,  and  its  odor  is  suggestive 
of  sour  beer.  It  varies  in  specific  gravity  from  1.015  to  1.025;  Us' acidity 
is  about  the  same  as  cider  vinegar,  but  the  extract  is  much  larger,  varying 
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Allen  gives  the  results  of  the  analyses  of  three  samples  of  genuine 
vinegar  brewed  from  a  mixture  of  malted  and  unmalted  barley  as  follows :  * 


Specific 
Gravity. 

Acetic 

Acid. 

Total 
Sotids. 

Ash. 

Alkalinity 
asKsO. 

Phos- 
phoric 
Acid. 

Nitrogen. 

Albumin- 
oids. 

I 

I. 0170 
I-0228 
I. 0160 

6.39 
«;.26 

i.86 

2.67 

3-96 
2.31 

0.34 
0.40 

0.47 

0.091 
0.118 

0.077 
0.093 
0.057 

.099 

.095 
•099 

.624 

.598 
.624 

2 

X 

0**" •-.. 

Distilled,  Spirit,  or  Alcohol  Vinegar. — This  vinegar,  being  made  from 
diluted  alcohol,  is  nearly  colorless,  unless  artificially  colored,  as  it  often 
is,  wiih  caramel.  As  stated  on  page  612,  the  "white  wine"  vinegar  (incor- 
rectly so-called)  commonly  sold  in  the  United  States  is  of  this  class.  Its 
specific  gravity  ranges  from  1.008  to  1.013.  Spirit  vinegar  conlains 
from  3  to  10  per  cent  of  acetic  acid.  Its  content  of  total  solids  is  insig- 
nificant, and  it  contains  only  traces  of  ash.  It  always  contains  non- 
acetificd  alcohol  and  aldehyde.  It  has  no  optical  activity  with  polarized 
light. 

Twelve  samples  of  alcohol  vinegar  analyzed  in  the  Municipal  Labora- 
tory of  Paris  gave  the  following  results: 


Specific 
Gravity. 


Maximum '     1.0131 

Minimum I     i  .0082 

Mean 1     i.oioo 


Ash. 


.09 

.04 
Trace 


Acidity. 

7.98 
4.98 
6.34 


Glucose  Vinegar  is  made  from  the  acetification  of  alcohol,  obtained 
from  the  fermentation  of  commercial  glucose.  This  vinegar  usually 
possesses  the  odor  and  taste  of  fermented  starch.  It  is  low  in  total  solids, 
the  extract  consisting  almost  entirely  of  untransformed  glucose,  and  ihe 
vinegar  therefrom  contains  all  the  ingredients  of  the  pnxhict  from  which 
it  was  made,  viz.,  dextrin,  maltose,  and  dextrose,  as  well  as  sulphate  of 
calcium.  Il  is  decidedly  dexlro-rotary  with  polarized  light  both  before 
and  after  inversion. 

Molasses  Vinegar. — This  is  largely  the  product  of  the  acetic  fermen- 
tation of  sugar- house  wastes,  and  sometimes  of  the  accidental  acetic 
fermentation  of  molasses  itself,  after  it  has  undergone  alcoholic  fermenta- 
tion for  the  manufacture  of  rum.    This  variety  of  vinegar  is  sometimes 


*  Analyst,  19,  p.  15. 
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used  as  an  adulterant  of  cider  vinegar.  With  polarized  light  molasses 
vinegar  is  dextro-rorary  before,  and  tevo-rotary  after  inversion. 

Wood  Vmegar  is  prepared  by  the  purification  of  pyroligneous  acid, 
which  may  be  accomplished  by  saturating  the  crude  acid  with  lime  or  soda, 
adding  hydrochloric  or  sulphuric  acid,  and  distilling.  It  is  further  purified 
by  redistillation  with  potassium  bichromate,  and  filtration  through  bone- 
black.     Acetic  acid  is  sometimes  added  to  impart  flavor. 

The  extract  and  ash  of  wood  vinegar  are  very  small.  Its  specific 
gravity  averages  1.007  according  to  BIyth.  Empyreumatic  or  tany 
products  are  nearly  always  present  in  vinegar  of  this  class. 

ANALYSIS  or  VINEGAR, 

specific  Gravity. — ^This  is  obtained  cither  with  the  hydrometer,  pyc- 
nometcr,  or  Wcstphal  balance. 

Determination  of  Extract  or  Total  Solids. — Weif^h  5  grams  of  the 
sample  in  a  tared  ])latinum  dish,  and  evaporate  to  dryness  over  the  live 
steam  of  a  boiling-water  bath,  keeping  the  di.sh  thereon  for  two  hours. 
Cool  in  a  desiccator  and  weigh. 

Determination  of  Ash, — Transfer  the  dish  containing  the  la,st  residue 
or  extract  to  a  muffle,  and  bum  at  a  low  red  heat  to  an  ash,  or  the  ignition 
may  be  accomplished  with  care  over  a  direct  flame  turned  low.  Cool 
the  dish  and  weigh. 

Detennlnation  of  Solubility  and  Alkalinity  of  the  Ash. — Smith's 
3/rtAa/.*— Twenty -five  cc.  of  the  \'inegar  are  e\'a[Kirateii  to  drj-ness  in 
a  tared  platinum  dish,  ignited,  cooled,  and  the  ash  weighed.  The  ash  i> 
then  repeatedly  extractiil  with  hot  water  by  washins;  into  a  (Juoch  crucible 
provided  with  a  layer  of  asbestos  (previously  ijiniied  in  the  rnicible,  cook-d. 
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soluble  ash.  Precipitate  the  phosphoric  acid  from  the  two  solutions 
separately  by  adding  to  each  while  hot  an  excess  of  ammonium  molybdate 
(reagent  No.  53).  Digest  for  an  hour  at  a  temperature  of  about  65®,  filter, 
and  wash  with  a  10%  solution  of  ammonium  nitrate.  Dissolve  the  pre- 
cipitate on  the  filter  with  ammonia  and  hot  water,  and  wash  into  a  beaker 
to  a  bulk  of  not  more  than  100  cc.  Nearly  neutralize  with  hydrochloric 
acid,  cool,  and  add  slowly  magnesia  mixture  (reagent  No.  164)  drop  by 
drop  while  stirring  vigorously.  After  fifteen  minutes  add  30  cc.  of  am- 
monia (specific  gravity  0.96),  let  stand  for  two  hours,  filter,  wash  \vith 
2.5%  ammonia  till  practically  free  from  chlorides,  ignite,  and  weigh  as 

Exj)ress  results  in  terms  of  milligrams  of  phosphoric  anhydride  in 
the  soluble  and  insoluble  vinegar  ash  from  100  grams  of  vinegar. 

Phosphoric  acid  in  the  soluble  and  insoluble  ash  may  be  conveniently 
determined  also  by  the  uranium  acetate  method,  page  588. 

Determination  of  Nitrogen. — Concentrate  from  50  to  100  cc.  of  vine- 
gar to  a  syrupy  consistency,  and  proceed  as  directed  under  the  Gunning 
method,  page  61. 

Determination  of  Total  Acidity. — Six  cc.  of  vinegar  are  carefully 
measured  from  a  pipette  into  a  white  porcelain  dish  and  diluted  with 
water.  Using  phenolphthalein  as  an  indicator,  titrate  with  tenth-normal 
sodium  hydroxide.  The  number  of  cubic  centimeters  of  the  latter  required 
to  neutralize,  divided  by  10,  expresses  the  acidity  in  terms  of  percentage 
of  acetic  acid. 

Approximate  Determination  of  Vinegar  Acidity  by  Lime  Water. — It 
has  generally  been  considered  difficult  for  vinegar  dealers  and  others  * 
who  desire  to  estimate  the  acidity  of  their  vinegar  to  do  this  themselves, 
in  that  it  has  l)een  necessar}-  to  obtain  for  the  pur[)osc  a  carefully  standard- 
ized alkaline  solution,  the  exact  strength  of  which  it  is  imi)o>si]^le  for 
them  to  determine. 

It  has  been  found  that  very  satisf actor}',  though  of  course  not  abso- 
lutely accurate,  results  may  be  obtained  by  tlie  use  of  ordinar}-  lime 
water,  which  any  one  may  easily  prepare  by  making  a  saturated  solution 
of  ordinar}-  air-laked  lime.  'J'he  strength  of  such  a  solution  is  ver}'  nearly 
constant,  and  has  been  found  to  be  about  -v^.j^  of  the  normal.  If,  there- 
fore, it  is  not  easy  to  obtain  exactly  normal  or  tenth-normal  alkali,  ai)i)rox- 
imate  figures  may  be  obtained  by  employing  such  a  saturated  lime  water. 
If  2.75  cc.  of  vinegar  arc  titrated  with  lime  water  contained  in  a  burette, 
using  phenol[)hthalein  as  an  indicator,  the  number  of  cubic  centimeters 
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of  the  lime  water  necessary  to  neutralize  the  vinegar,  divided  by  lo, 
gives  the  percentage  of  acetic  add  in  the  vinegar.  To  make  sure  that 
the  lime  water  is  saturated,  an  excess  of  lime  should  always  be  present 
in  the  reagent  bottle. 

Determination  of  Volatile  and  Fixed  Acids. — Thirty  cc.  of  the  vine- 
gar are  transferred  to  a  distilling-flask  and  subjected  to  distillation,  using 
a  current  of  steam.  Receive  the  distillate  in  a  25-cc.  graduated  cylinder. 
After  15  cc.  have  passed  over,  test  from  time  to  time  the  drops  of 
distillate  as  they  fall  into  the  receiving  vessel  with  litmus-paper,  and  when 
free  from  acid  discontinue  the  distillation.  Note  the  volume  of  the 
distillate,  mix  by  shaking,  and  transfer  one-Efth  to  a  white  porcelain  dish. 
Titrate  as  in  the  case  of  total  acidity,  expressing  the  volatile  acids  as 
acetic. 

Calculate  the  fixed  acid,  expressed  in  the  case  of  cider  vinegar  as 
malic,  by  subtracting  the  percentage  of  volatile  acid  from  the  percentage 
of  total  acid,  and  multiplying  the  result  by  the  factor  i.ri;.  In  the  case 
of  wine  vinegar,  express  as  tartaric  acid  by  using  the  factor  1.25.  To 
express  acidity  in  terms  of  sulphuric  acid,  multiply  the  percentage  of 
acetic  acid  by  0.817. 

Determination  of  Alcohol. — Alcohol  is  present  in  very  small  amounts 
in  fruit  vinegar  that  has  not  been  completely  acetified.  Frear  rccom 
mends  concentrating  the  dbtillatcs  as  follows:  Neutralize  100  cc.  of 
the  sample  and  distill  off  40  cc.  Then  redistill  the  distillate  till  jo  cc. 
have  gone  over.  Cool  to  15.6°  C.  and  make  up  to  20  cc.  with  distilled 
water.  Determine  the  specific  gravity  with  a  lo-cc.  pycnometer,  and 
ascertain  from  the  table  on  page  531  the  per  cent  by  weight  of  alcohol 
corresponding  to  the  specific  gravity.     The  percentage  in  the  last  distil- 
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to  the  miztuie  add  a  few  dn^  of  a  solution  of  methyl  vk)let  (one  part 
of  metfajrl  violet  2B  in  xoo,ooo  parts  of  water).  In  the  presence  of  mineral 
adds,  a  blue  or  green  cdoration  will  be  produced. 

Determination  of  Free  IDneral  Acids. — Hehner^s  Method.*^To  a 
weighed  quantity  of  the  sample  add  an  excess  of  decinormal  alkali,  evap- 
orate to  dryness,  incinerate,  and  titrate  the  ash  with  decinormal  acid. 
The  difference  between  the  number  of  cubic  centimeters  of  alkali  added 
in  the  first  place,  and  the  number  of  cubic  centimeters  needed  to  titrate 
the  ash,  represents  the  equivalent  of  the  free  acid  present. 

Detection  and  Determination  of  Sulphuric  Acid. — This  is  determined 
as  barium  sulphate  by  the  addition  of  barium  chloride  solution.  A  slight 
cloudiness  on  the  addition  of  the  reagent  indicates  the  presence  of 
small  quantities  of  sulphate  as  an  impurity,  rather  than  free  sulphuric 
acid.  If  a  minute  quantity  of  free  sulphuric  acid  be  present,  a  rather 
heavy  white  cloud  on  the  addition  of  the  barimn  chloride  will  be  formed, 
which  slowly  settles  out.  According  to  Brannt,  if  the  quantity  of  sul- 
phuric acid  is  more  than  one  part  in  a  thousand,  the  sulphate  of  barium 
formed  by  addition  of  the  reagent  produces  a  copious  precipitate  that 
rapidly  falls  to  the  bottom  of  the  rcceptade.  This  may  be  filtered, 
washed,  ignited,  and  weighed  in  the  usual  manner. 

Detection  of  Free  Hydrochloric  Add. — ^Distill  off  half  of  a  measured 
volume  of  vinegar  into  the  receiving-fiask  of  a  distOlatbn  apparatus, 
and  to  the  distillate  add  a  few  drops  of  nitmte  of  silver  reagent.  A  pre- 
cipitate indicates  hydrochloric  acid. 

Detection  of  Malic  Acid  (Free  or  Combined). — Absence  of  malic  acid 
may  be  assured,  if  no  precipitate  occurs  with  neutral  acetate  of  lead, 
when  a  few  drops  of  a  solution  of  this  reagent  are  added  to  the  vincgai . 
In  the  presence  of  malic  acid,  as  in  the  case  of  a  pure  cider  vinegar,  the 
precipitate  which  is  formed  with  lead  acetate  is  flocculent,  forms  at  once, 
and  is  of  considerable  amount.  In  pure  cider  vinegar  the  precipitate 
will  settle  to  the  l:)ottom  of  the  test-tube,  leaving  a  clear  supernatant 
liquid  within  ten  minutes.  Unfortunately  the  acetate  of  lead  test  is 
a  negative  one,  in  that  several  organic  acids  other  than  malic  will  cause 
a  precipitate,  as,  for  instance,  tartaric  and  saccharic  acids,  the  former 
being  found  in  wine  and  the  latter  in  molasses  vinegar.  Malt  vinegar 
also  gives  a  copious  i)recipitate  with  lead  acetate,  due  to  phosphoric  acid. 

The  writer  employs  the  following  test  t  for  detecting  malic  acid  in 

^^^—  ■  II 

♦  Analyst,  i,  1877,  p.  105. 

t  An.  Rep.  Mass.  State  Board  of  Health,  190a,  p.  485.    Food  and  Drug  Reprint,  p.  33. 
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nncgar:  Add  a  few  drops  of  a  io%  solution  of  calcium  chloride  to  some 
of  the  vinegar  in  a  test-tube,  and  make  the  mixture  slightly  alkaline  with 
ammonia.  Filter  off  the  precipitate  that  occurs  at  this  point,  to  the 
filtrate  add  two  or  three  volumes  of  95%  alcohol,  and  heat  to  boiling. 
A  copious,  flocculent  precipilate  of  calcium  malate  will  form,  if  malic 
acid  be  present,  settling  to  the  bottom  of  the  tube  in  a  few  minutes. 
A  precipitate  will  occur  in  malt  and  glucose  vinegar,  due  to  dextrin. 

To  confirm  the  presence  of  malic  acid,  filter,  wash  the  precipitate 
with  a  little  alcohol,  dry,  dissolve  it  in  strong  nitric  acid  in  a  porcelain 
cvaporating-dish,  and  evaporate  to  dryness  over  the  water-bath,  formii^ 
calcium  oxalate.  Boil  the  residue  with  sodium  carbonate,  filter,  acidify 
the  filtrate  with  acetic  acid,  boil  to  expel  the  carbon  liioxidc,  and  add  a 
solution  of  calcium  sulphate.  A  precipitate  of  calcium  oxalate  confirms 
the  presence  of  malic  acid. 

For  the  determination  of  malic  acid  proceed  as  directed  on  page  569, 
Determination  of  Acid  Tartrate  of  Potassium. — Berlhdol  and  Flcu- 
rien's  Method* — Twenty-five  cc.  of  the  vinegar  arc  evaporated  on  the 
water-bath  to  syrupy  consistencj',  and  the  residue  is  dissolved  in  water 
and  made  up  to  its  original  volume.  It  is  then  transferred  to  a  250-cc. 
Krlenmeyer  flask,  and  100  cc.  of  a  mixture  of  equal  parts  of  strong  alcohol 
and  ether  are  added,  the  flask  is  corked,  shaken,  and  set  on  ice  or  in  a 
cold  plate  for  forty-eight  hours.  At  the  end  of  this  time,  if  a  crystalline 
preci]>italc  has  gathered,  the  supernatant  liquid  is  decanted  upon  a  fiUcr. 
and  finally  the  prccipilalc  is  washed  upon  it  by  a  fresh  quantity  of  the 
ether- alcohol  mixture,  and  ihe  washing  continued  with  this  reagent  till 
praclically  free  from  acid.  The  filter  and  its  cimtenls  are  then  trans- 
ferred to  the  original  flask,  and  the  tartrate  is  dissolved  in  boiling  water, 
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slight  effect  on  the  pcdaiizatioiu  In  case  of  daik-cdored  or  tuibkl 
sanqples,  add  to  50  cc.  of  the  sample  5  cc  of  about  equal  quantities  of 
lead  subacetate  and  alumina  cream,  shakei  filter,  and  polarise  in  a  aoo* 
mm.  tube,  adding  10%  to  the  reading  on  account  of  the  dilution. 
The  polarization  value  of  the  vinegar  is  conveniently  expressed  in  terms 
of  actual  direct  reading  obtained  by  the  undiluted  sample  in  a  200-  or 
400-mm.  tube. 

If  the  invert  reading  is  desired  for  calculation  of  sucrose  or  com- 
mercial glucose,  subject  the  sample  to  inversion  with  hydrochloric  acid 
and  heat,  as  in  the  case  of  sugars. 

For  the  determination  of  sucrose,  use  Clerget's  formula  (p.  483), 
calculating  the  true  direct  and  invert  readings  from  the  direct  and  invert 
readings  of  the  undiluted  vinegar  on  the  basis  of  the  normal  weight  of 
the  sample,  by  multiplying  the  obtained  readings  by  0.26  in  the  case  of  the 
Soleil-Ventzke  instrument. 

Determination  of  Reducing  Sugars  before  and  after  Inversion. — ^Two 
portions  of  25  cc.  each  are  measured  into  xco-cc.  flasks.  One  portion  is 
diluted  with  25  cc.  of  water,  5  cc.  of  concentrated  hydrochloric  add  are 
added,  and  the  solution  subjected  to  inversion  by  heating  to  70^  for  10 
nunutes  and  cooling.  Both  portions  are  neutralized  with  sodium 
hydroxide  and  made  up  to  the  mark*  The  reducing  sugars  are  deter- 
mined in  each  portion  by  Defiren's  modification  of  CSullivan's  method 
(page  489)  and  calculated  as  dextrose. 

Levulose  may  be  determined  as  on  page  508,  polarizing  the  vinegar 
at  two  different  temperatures. 

ADULTERATION  OF  VINEGAR. 

Standards  of  Purity. — In  nearly  all  localities  where  pure-food  laws 
prevail  there  arc  special  provisions  setting  forth  the  requirements  of  pure 
vinegar  as  to  j)crcentage  of  acids,  solids,  and  other  conditions,  differing 
considerably  with  the  character  of  the  vinegar  used.  Thus,  in  England, 
where  the  i)rincipal  vinegar  is  malt  vinegar,  the  legal  standards  are  con- 
siderably different  from  those  in  force  in  France  and  Germany,  where 
wine  vinegar  is  prevalent.  These  differ  again  from  the  requirements 
foimd  in  the  United  States  and  Canada,  where  cider  vinegar  is  the  chief 
product. 

Most  of  the  state  food  laws  fix  a  standard  for  the  acidity  of  cider 
vinegar  varying  from  3.5  to  4.5  per  cent  of  acetic  acid,  and  in  most  cases 
also  a  minimum  standard  for  total  solids  or  residue  of  from  1.5  to  2  per 
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cent.  Special  laws  stipulate  furthermore  in  some  states  that  cider  vine- 
gar, sold  as  such,  must  be  exclusively  the  product  of  pure  apple  cider. 
In  such  cases  cider  vinegar  may  be  adulterated  by  non-conformance 
to  the  standard  in  either  acidity  or  solids  or  both,  while  yet  it  may  be 
exclusively  made  from  pure  apple  cider.  This  may  be  due  either  to 
actual  watering  or  to  incomplete  acelification.  On  the  other  hand,  so- 
called  cider  vinegar  may  be  of  legal  standard  as  to  solids  and  acidity, 
and  yet  be  entirely  spurious. 

Accidental  Adulteration  of  vinegar  may  result  in  the  presence  of  injuri- 
ous metallic  salts,  such  as  of  copper,  lead,  or  zinc,  derived  from  vessels  or 
utensils  used  in  the  manufacture  of  vinegar,  or  even  minute  traces  of 
arsenic  may  be  found,  when  glucose  has  been  employed  as  an  ingredient 
or  source  of  the  vinegar,  the  arsenic  being  in  this  case  probably  due  lo 
impure  sulphuric  acid  used  in  the  manufacture  of  the  glucose. 

Willful  or  Fraudulent  Adulteration  is,  however,  common,  in  which 
misbrandcd  vinegar  is  sold  under  names  suggesting  a  class  other  than 
that  to  which  it  really  belongs,  or  wherein  entirely  artificial  substitutes 
are  made  up  for  pure  cider,  mall,  or  wine  vinegar,  in  which  the  color, 
residue,  and  acid  principle  may  be  either  or  all  of  spurious  origin. 

Artificial  Cider  Vinegar  is  in  most  cases  readily  detecned,  though 
very  ingenious  imitations  arc  on  the  market,  involving  not  a  Utile  skill 
and  chemical  knowledge  in  their  manufacture. 

Entirely  artiUcial  substitutes  for  cider  vinegar  are  frequcnlly  made 
up  of  spirit  vinegar,  c<ilored  with  caramel,  and  having  the  solids  R-in- 
forcc<l  by  apple  jflly,  made  for  the  most  part  out  uf  exhausted  apple 
pomace,  which  is  the  residue  left  after  the  apple-stock  has  been  sub- 
jected  ti)   one   an<l   sometimes   two   pnssings.     The   jelly  used  for  this 
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of  molasses  is  very  apparent  in  the  residue  of  vinegar  having  sugar-house 
wastes,  and  the  smell  of  a  malt-vinegar  residue  is  also  very  characteristic. 
If  pyroligneous  or  wood  vinegar  has  been  introduced,  the  dried  residue 
will  have  a  tarry  or  smoky  taste  and  smell. 

The  residue  of  cider  vinegar  is  very  soluble  in  alcohol,  while  that  of  malt 
vinegar  is  only  slightly  soluble.  Wine  vinegar  residues  dissolve  readily 
in  alcohol,  except  for  the  granular  residue  of  cream  of  tartar.  If  the 
loop  of  a  clean  platinum  wire  be  rubbed  in  the  vinegar  residue  and  ignited 
in  a  colorless  Bunsen  flame,  the  color  imparted  will,  if  the  vinegar  has 
been  made  from  pure  cider  exclusively,  consist  altogether  of  the  pale- 
lilac  color  of  a  potash  salt  without  any  of  the  yellow  sodium  flame  being 
visible.  In  all  vinegars  other  than  of  pure  cider,  the  sodium  flame  will 
predominate,  when  the  residue  is  burnt  as  above.  Again,  the  ignited 
residue  left  in  the  loop  of  wire  in  the  case  of  a  pure  cider  vinegar  will 
form  a  fusible  bead,  having  a  strong  alkaline  reaction  upon  moistened 
test-paper,  and  effervescing  briskly  when  immersed  in  acid.  The  pres- 
ence in  vinegar  of  even  a  slight  trace  of  added  mineral  acid  will  prevent 
the  ignited  residue  from  having  the  alkaline  reaction,  or  effervescing  with 
acid.* 

The  residue  of  malt  or  beer  vinegar  is  brown  and  gummy,  containing 
a  considerable  quantity  of  dextrin.  Not  only  are  the  appearance  and 
odor  of  the  dried  vinegar  residue  to  be  particularly  noted,  but  also  the 
odor  given  off  in  the  first  stages  of  burning  this  residue  to  an  ash.  With 
cider  vinegar  the  apple  odor  is  very  marked  while  burning.  In  vinegar 
wherein  molasses  products  have  been  employed,  the  smell  of  charred 
sugar  is  usually  apparent,  while  with  glucose  vinegar  the  smell  of  burnt 
corn  predominates. 

On  burnin<i^  the  residue  of  malt  vinegar,  the  odor  produced  at  first 
is  not  unlike  that  of  toasted  bread.  At  a  later  stage  in  the  burning  the 
vapors  evolved  arc  very  ])UnG;ent. 

The  Character  of  the  Ash  is  of  considerable  importance  in  determin- 
ing the  source  of  a  sample  of  vinegar.  The  ash  of  pure  cider  and  malt 
vinegar  is  (juilc  ^tron«^ly  alkaline,  while  that  of  distilled  and  wood  vinegar 
is  only  slightly  alkaline.  The  ash  of  cider  vinegar  is  high  in  alkaline 
carbonates. 

In  cider  and  malt  vinegar  the  quantity  of  phosphoric  acid  present 
in  the  ash  is  considerable,  while  only  traces  are  present  in  distilled  or 
spirit   vinegar.     Considerably   more   than   half   the   phosphoric   acid   in 

♦  Davenport,  i8th  An.  Rep.,  Mass.  Board  of  Health,  1887,  p.  159. 
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the  ash  of  cider  vinegar  b  soluble,  while  no  soluble  phosphoric  acid  is 
present  in  the  ash  of  spirit  vinegar. 

The  percentage  of  ash  in  total  solids  is  of  some  value  in  judging  the 
purity  of  cider  vinegar.  According  to  Frear,*  if  the  ash  of  the  vinegar 
is  less  than  io%  of  the  total  solids,  the  vinegar  may  be  suspected  of 
having  added  unfermented  material,  while  a  percentage  of  ash  less  than 
6  is  absolute  evidence  that  the  vinegar  is  not  genuine  cider  vinegar. 

The  alkalinity  of  i  gram  of  the  ash  of  pure  cider  vinegar  should  be 
equivalent  to  at  least  65  cc.  of  tenth-normal  add.  At  least  $0%  of 
the  phosphates  in  the  ash  should  be  soluble  in  water. 

Character  of  the  Sugars. — One  of  the  most  important  steps  in  es- 
tablishing the  source  of  a  vinegar  consbts  in  subjecting  it  to  polariza- 
tion (p.  618).  From  the  nature  of  the  sugar-content  of  the  apple  juice, 
not  only  when  freshly  expressed,  but  also  when  allowed  to  undergo 
alcoholic  fermentation,  and,  furthermore,  after  it  has  gone  over  into 
vinegar,  the  polarization  through  all  three  stages  Ls  always  left-handed. 

Browne  f  has  shown  that  the  optical  rotation  of  the  freshly  expressed 
juice  of  eleven  varieties  of  apple  varies  from  19.24°  to  49°  to  the  left  on 
the  Vcntzke  scale,  in  a  400-mm.  tube.  Also  that  in  the  case  of  five 
samples  of  completely  fermented  cider,  examined  five  or  six  monlh>i 
after  pressing,  the  left-handed  rotation  in  a  400-mm.  tube  varied  from 
1.76°  to  5.28°.  He  showed,  furthermore,  that  a  sample  of  pure  cider 
jelly  made  up  of  conccnlrated  apple  juice  had  a  left-handed  rotation 
amounting  to  21.35°  '"  '^  200-mm.  tube  (20  grams  made  up  100  cc),  and 
finally  that  four  cider  vinegar  samjjles  of  known  purity  showed  loft- 
handed  readings  of  from  0.96°  to  2-94°  Venizkc  in  a  400-mm,  lube. 

The  Icfl-handcil  rotation  of  pure  cider  linegar  is  a  characteristic  so 
Lnd  unalterable  that  a  right-handed  tiolarizal 
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Frear  regards  the  ratio  of  reducing  sugars  after  inversion  to  total 
solids  as  a  useful  factor  in  discriminating  between  pure  cider  vin^ar 
and  the  common  artificial  substitutes  in  which  the  solids  of  distilled  vin^ar 
are  reinforced  by  apple  jelly,  or  in  which  commercial  glucose  or  molasses 
vinegars  are  used.  When  the  reducing  sugars  after  inversion  form  more 
than  25%  of  the  entire  solids,  the  alleged  cider  vinegar  is  undoubtedly 
spurious.  In  pure  cider  vinegar  the  per  cent  of  reducing  sugar  is  the 
same  after  inversion  as  before.     The  same  is  true  of  glucose  vinegar. 

Vinegar  containing  abided  molasses  or  cane  sugar  will,  however, 
naturally  show  an  increase  in  reducing  sugar  after  inversion. 

A  large  content  of  alcohol  in  cider  vinegar,  otherwise  showing  the 
constants  of  pure  vinegar  exxept  for  the  low  acidity,  would  indicate  incom- 
plete acetification.     A  high  content  of  nitrogen  is  characteristic  of  malt 
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Data  of  analyses  of  samples  of  vinegar  examined  in  the  Food  and 
Drug  Department  of  the  Massachusetts  State  Board  of  Health  are  given 
in  the  tables  on  this  page  and  the  next.  The  table  below  shows  in  sum- 
marized form  the  results  obtained  from  the  examination  of  eighty-four 
samples  of  undoubtedly  pure  cider  vinegar  examined  in  1901.* 

CIDER  VINEGAR  FOUND  PURE. 


Maximum 
Minimum. 
Mean 


Acid 
(Per  Cent). 


SoHds 
(Per  Ont). 


6.36 

4.50 
4.84 


4.cx> 
2.01 

2.43 


Ash 
(Per  Ont). 


0.58 

O.IQ 

0.38 


Polarisation. 


-5-4 

-0.4 

—  2.0 


The  second  ta])lc  includes  samples  of  adulterated  vinegar,  sold  for 
cider  vinegar,  none  of  which  were  probably  made  from  cider.  It  will 
be  noticed  thai  in  several  of  the  samples  the  amount  of  glucose  was 
abnormally  large,  as  is  shown  by  the  very  high  right-handed  polarization, 
in  one  case  amounting  to  over   12°. 

Direct  Tests  Made  on  the  Vinegar. — ^The  genuine  or  sj)urious  nature 
of  cider  vinegar  may  usually  be  established  by  direct  tests  with  reagents 
on  the  vinegar  it>elf.  The  a})j)earance,  taste,  and  odor  of  the  vinegar 
should  be  noted.     Hrannt  t  aj)plies  the  test  of  odor  in  vinegar  as  detcr- 

♦  32(1  An.  Rt'i).  (i()oo),  |),  661,  F(kk1  and  Drug  Reprint,  p.  44;  33d  An.  Rep.  (k;oi),  p^ 
467,  Food  and  Drug  Reprint,  p.  47;  34th  An.  Rep.  (1902),  p.  483,  Food  and  Drug  Reprint, 
p.  31. 

t  A  Practical  Treatise  on  the  Manufacture  of  Vinegar,  p.  219. 
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VINEGAR  NOT  THE  EXCLUSIVE  PRODUCT  OF  PURE  APPLE  CIDER. 


Percent 

Percent 

PerCfnl 

FjUj-Ji.. 

A^cA^id. 

Total  Solids. 

Ash  in  Total 

TulX'"' 

Lead  A«t«t«. 

S-90 

.40 

■H.4 

No  precipitate 

5-14 

.36 

-S3 

+    .6 

4.83 

3- 70 

.32 

i'.'bs 

-t-8.of 

4.81 

3.71 

■'3 

4.80 

+  9-fi 

4.80 

1.97 

10.15 

+    -9 

Precipilate 

4.80 

1.03 

.17 

14-75 

+  1.1 

4.66 

1.9a 

6.49 

•   +1.2 

No  precipitate 

4-60 

3-57 

+  3.6 

4.56 

J. 60 

+  7-ot 

t 

4-54 

3.97 

.19 

4!78 

+  5-6 

No  preripilatc 

4-54 

390 

■31 

9.7a 

-H5-0 

4. 54 

1.94 

-n 

7.8J 

+5-0 

4-S4 

3.70 

-=3 

8.sa 

+    -4 

Prccipilale 

4.50 

3-°S 

No  precipitate 

4. SO 

a. 9a 

7.53 

+    -9 

4.50 

3.69 

+  3.B 

4.4« 

3-80 

+  ia.ot 

4.46 

1.80 

-Ha. 6 

4.4* 

2-75 

+3-» 

Slight  precipitate 

4.4J 

-H9-a 

Precipitate 

4.40 

a. SI 

II. IS 

+  1.1 

4.40 

•97 

+   -4 

No  precipitate 

4.38 

•  ag 

-Hi. 6 

4-3» 

.70 

.09 

ia!86 

4.08 

3-3S 

-ti.a 

Precipitate 

3-98 

■35 

-1-1.8 

Slight  precipitate 

impLeft  poLarited  p 


e  jelly  containing  ^lucosf  had  1 


■n  added  for  tht  purpoje  o(  incrpu- 


mining  its  character,  by  rinsing  out  a  large  beaker  with  the  sample,  and, 
after  alloMring  it  to  stand  for  some  hours,  examining  the  few  drops  r 


The  chaiacter  of  the  precipitate  produced  by  neutral  lead  acetate 
should  be  particularly  noted.  Unless  it  is  flocculent  and  copiousi  set- 
tling out'after  a  few  minutes,  cider  vinegar  is  not  pure,  even  if  a  nuurked 
turbidity  is  produced.  Added  apple  jelly  from  exhausted  apple  pomace, 
gives  such  a  turbidity,  and  is  to  be  suspected  when  not  more  than  a  cloudi- 
ness is  produced  on  addition  of  the  lead  acetate  reagent.  Pure  cider 
vinegar  should  respond  in  a  perfectly  normal  manner  to  both  the  lead 
acetate  and  the  calcium  chloride  tests  for  malic  acid. 

Wood  Vinegar  or  Pyroligneous  Acid  fe  sometimes  rendered  apparent 
by  the  cmpyreumatic  or  tarr}^  taste  and  odor  imparted  to  the  product. 
When,  however,  the  added  acetic  acid  has  been  so  purified  that  the  tarry 
taste  and  odor  are  lacking,  its  presence  may  often  be  proved  by  the  traces 
of  furfurol  which  always  accompany  it. 

Test  jor  FurjuroL — A  little  of  the  vinegar  is  subjected  to  distillation, 
and  to  the  first  few  drops  of  the  distillate  is  added  a  little  colorless  anilin 
solution.  A  fading  crimson  color  will  be  produced  in  presence  of  furfurol. 
This  reaction  may  sometimes  be  obtained  upon  the  vinegar  itself  without 
distillation,  if  sufficient  added  wood  vinegar  be  present. 

The  first  portion  of  the  distillate  of  wood  vin^ar  reduces  permanga- 
nate of  potassium  to  a  marked  degree.   . 

The  Addition  of  S^pices  to  vinegar  in  order  to  increase  the  pungency 
is  best  detected  by  first  neutralizing  the  vinegar  with  sodium  carbonate 
and  then  tasting.  Under  these  conditions,  the  admixture  of  spices  is 
rendered  very  apparent. 

Detection  of  Caramel. — Considerable  added  caramel  in  vinegar  is 
apparent  from  the  unnaturally  dark  color  and  extremely  bitter  taste  of 
the  residue  after  evaporation. 

Tests  for  caramel  made  on  the  vinegar  residue,  if  long  dried  at  the 
temperature  of  the  water-bath,  are  not  to  be  depended  on  as  establishing 
the  presence  of  added  caramel,  since  at  that  temperature  the  decomposi- 
tion of  the  sugar  may  in  any  event  cause  a  positive  test. 

Caramel  in  vinegar  is  best  detected  by  the  Crampton  and  Simons' 
method  with  fullers'  earth,  as  described  on  page  603.  Other  methods 
are  given  in  Chapter  XVI. 

Examination  for  Metallic  Impurities. — Lead  and  Zinc  are  best  looked 
for  in  the  ash  of  the  vinegar  in  cases  where,  like  cider  vinegar,  the  percent- 
age of  extract  is  high.  A  large  volume  of  the  vinegar  is  evaporated  to 
substantial  dryness  over  the  water-bath.  This  may  most  readily  be 
done  in  a  loo-cc.  platinum  wine-shell,  adding  the  vinegar  in  successive 
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portions.  To  the  residue  add  a  small  amount  of  sodium  hydroxide,  and 
bum  to  an  ash  in  a  muffle,  or  over  a  low  flame,  using  potassium  nitrate 
if  necessary,  a  little  at  a  time.  Take  up  the  ash  in  dilute  hydrochloric 
acid,  and  examine  for  lead  and  zinc  as  in  the  case  of  canned  goods. 

In  the  case  of  vinegar  low  in  extract,  as  in  spirit  vinegar,  the  sample 
may  be  evaporated  to  dryness,  the  residue  dissolved  directly  in  dilute 
hydrochloric  acid  without  ignition,  and  the  acid  solution  subjected  to 
direct  examination  for  lead  and  zinc. 

Copper  is  best  determined  by  electrolysis,  too  cc.  of  the  vinegar 
are  evaporated  to  a  volume  of  about  lo  cc.  with  a  little  sulphuric  acid, 
filtered  into  a  platinum  dish,  and  subjected  to  electrolysis,  using  con- 
veniently the  apparatus  described  on  page  493. 

Arsenic. — Boil  do«-n  a  portion  of  the  vinegar,  to  which  concentrated 
nitric  acid  has  been  added,  to  a  small  volume,  then  add  a  few  cubic  centi- 
meters of  concentrated  sulphuric  acid,  and  continue  the  heating  till  fumes 
of  sulphuric  acid  show  the  nitric  to  have  been  driven  off.  Cool,  dilute 
with  water,  and  test  in  the  Marsh  apparatus. 
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CHAPTER  XVI. 
ARTIFICIAL  FOOD  COLORS. 

The  use  of  artificial  dyestuffs  in  food  products  has  greatly  increased 
during  the  last  decade,  both  in  degree  and  in  variety  of  colors  employed. 
Where  formerly  but  a  few  well-known  coloring  matters,  chiefly  so-called 
vegetable  colors  and  occasionally  mineral  pigments  were  used  for  this 
purpose,  a  vast  array  of  dyes,  chosen  largely  from  the  coal-tar  colore, 
are  now  found  in  food,  so  that  at  present  the  exact  identification  of  the 
Darlicular  dyestuff  t-mployed  in  all  cases  presents  a  somewhat  formidable 
problem  to  the  analyst.  The  problem  may  consist  in  determining  the 
class  to  which  a  commercial  food  color  or  combinalion  of  colors  belongs, 
or  it  may  consist  in  isolating  the  color  iisclf,  and  afterwards  identifying 
it  as  far  as  possible,  for  the  purpose  of  determining  whether  or  not  it  is 
harmless  within  the  meaning  of  the  law. 

The  effect  of  imparting  lo  the  cheaper  variclies  of  jellies,  jams,  and 
ketchups  which  flood  the  market  such  intense  and  striking  colore  that 
these  products  in  no  wise  resemble  their  pure  uncolored  prototypes,  has 
a  tendency  in  many  cases  to  mislead  the  pubhc  into  the  idea  that   the 
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appear  of  greater  value  than  they  really  are.  In  most  states  the  food 
laws  regarding  employment  of  colors  are  so  framed,  that  the  presence 
of  such  colors  constitutes  an  offense  under  one  or  the  other  of  the  above 
heads,  mainly,  however,  because,  by  reason  of  their  use,  cheaper  or 
inferior  materials  are  made  to  masquerade  for  the  higher  or  genuine 
grades,  as,  for  instance,  when  alleged  currant  jelly  is  found  to  consist 
chiefly  of  apple-stock  and  commercial  glucose,  colored  with  an  artificial 
red  dye. 

In  such  cases  the  analyst  has  merely  to  prove  conclusively  that  an 
artificial  color  is  present,  even  if  he  does  not  identify  the  dye  itself.  It 
is  of  course  more  sat isf actor)'  to  at  least  show  in  addition  whether  the 
dye  present  is  of  vegetable  origin,  or  is  of  the  coal-tar  variety,  and  in  most 
cases  this  can  readily  be  done,  even  if  it  is  not  easy  to  identify  the  exact 
color. 

In  localities  where  laws  prevail  stipulating  that  what  are  commonly 
known  as  ^' mixtures '*  or  *' compounds"  to  be  legally  sold,  must  be 
labeled  with  the  names  and  percentages  of  ingredients,  the  law  applies  to 
coloring  matters  as  well  as  other  ingredients,  and  the  exact  dye  or  dyes 
employed  should  appear  on  the  label.  Otherwise  the  product  must  be 
classed  as  adulterated. 

Toxic  Effects  of  Colors. — Formerly  the  use  of  such  pigments  as 
chromate  of  lead  was  common  in  coloring  confectionery,  but  lead 
chromate  is  rarely  used  at  present.  Other  mineral  pigments  obviously 
unfit  for  use  in  food  by  reason  of  their  well-known  poisonous  effects  are 
those  which  contain  salts  of  arsenic,  mercury,  lead,  and  copper.  While 
most  of  the  coal-tar  colors  are  considered  harmless  in  themselves,  some 
are  (Icciclcdly  objectionable,  and  should  not  be  used  in  foods.  Under 
the  latter  class  are  included,  first,  those  in  connection  with  the  manu- 
facture of  which  arsenic ,  niercur}',  or  other  poisonous  mineral  ingredients 
have  been  used,  such  for  e\amj)le  as  arsenical  fuchsin,  and,  second,  those 
which  are  thenl^elves  inherently  j)()ison()Us,  as  for  instance  })icric  acid. 
Fiuhsin  is  now  larL^^ely  made  without  the  aid  of  ar>enic  acid,  and  this 
variety  is  entirely  harmle>s.  The  toxic  elTects  of  many  of  the  coal-tar 
colors  have  not  ])een  thoroughly  established  excepting  in  a  negatiye  way. 
Weyl  has  made  many  experiments  on  dogs  and  rabbits  in  which  these 
animals  have  been  fed  with  varying  amounts  of  coloring  material.  In 
nearly  all  cases  the  doses  far  exceeded  the  amounts  ordinarily  taken  in 
food,  and  the  experiments  are  of  value  mainly  in  so  far  as  they  show 
harmless  results  of  certain  colors  on  the  animal.     It  is  to  be  regretted 
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that  physiological  experiments  cannot  more  readily  be  tried  on  human 
beings,  so  as  to  study  the  effects  of  administering  to  them  such  amounts 
as  arc  used  in  food. 

More  conclusive  results  (though  still  of  a  negative  character)  tending 
to  establish  the  harmlessness  of  most  of  the  coal-tar  colors  are  given  by 
Grandhomme  *  in  statistics  showing  the  condition  of  health  of  laborers 
in  factories  where  these  dyestuSs  are  made,  in  comparison  with  those 
engaged  in  other  industries  where  poisonous  materials  arc  handled. 
From  these  it  appears  that  the  proportion  of  illness  among  the  aniUn- 
makers  b  remarkably  small. 

In  the  case  of  coloring  confectionery  by  the  use  of  mineral  pigments 
a  considerable  amount  of  the  coloring  material  must  be  used,  forming 
without  doubt  a  source  of  danger  in  some  cases.  With  coal-tar  dyes,  on 
the  contrary,  the  case  is  dilTerent.  One  ounce  of  auranune,  for  instance, 
has  been  fotmd  sufficient  to  give  a  deep-yellow  color  to  2,000  pounds 
of  confectionery,  so  that  almost  an  infinitesimal  amount  of  the  acttul 
dyestuff  is  taken  into  the  system.  Hence  it  is  that  very  little  danger 
need  be  apprehended  from  the  use  of  most  coal-tar  colors  in  food,  objec- 
tionable as  they  certainly  are  as  a  commercial  fraud. 

Injurious  and  Non-injurious  Colors. — Various  countries  have  enacted 
spcci&c  lan-s  regulating  the  use  of  coloring  matters  in  foods,  especially 
England,  France,  Germany,  Austria,  and  Italy.  In  some  cases  attempts 
have  been  made  to  specify  harmful  and  harmless  colors.  The  National 
Confectioners'  Association  of  the  United  States  has  compiled  a  useful 
classified  Ibt  of  injurious  and  harmless  colors.f  the  classification  being 
based  largely  on  the  results  of  experiments  by  Wcyl  and  Konig,  as  n^ll 
as  upon  the  Resolutions  of  the  Association  of  Swiss  Chemists,  and  on 
the  French  Ordinances  regarding  food  colors.     The  liat  is  as  follows: 
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Compounds  of  Mercury. — ^Vermilion,  etc. 

Compounds  0}  Arsenic. — Scheele's  green,  Schweinfurth  green,  etc. 
In  Other  Words  colors  in  whose  preparation  mercury,  lead,  copper, 
arsenic,  antimony,  tin,  zinc,  chromium,  and  barium  compounds  are  used. 

HARMFUL  ORGANIC  COLORS. 

Red  Colors. — Ponceau  3/^-B. — Ponceau  B  extra,  fast  ponceau  B, 
new  led  L,  scarlet  EC,  imperial  scarlet,  old  scarlet,  Biebrich  scarlet. 

Croccin  Scarlet  ^B. — Ponceau  4RB. 

Cochcnille  Red  A, — Crocein  scarlet  4B  and  G,  brilliant  scarlet, 
brilliant  ponceau  4R,  ponceau  4R,  ponceau  brilliant  4R,  new  coccin, 
scarlet. 

Crocein  Scarlet  jB. — Crocein  scarlet  8B,  ponceau  6RB. 

Crocein  scarlet  O  extra, 

Sajranin. — Safranin  T,  safranin  extra  G,  safranin  G  extra  GGSS, 
safranin  GOOO,  safranin  FF  extra  No.  O,  safranin  cone,  safranin  AG 
extra,  safranin  AGT  extra,  anilin  pink. 

Yellow  Colors. — Gum  guUa. 

Picric  acid. 

Martius  Yellow. — ^Naphthylamin  yellow,  jaune  d'or,  Manchester  yel- 
low, naphthalin  yellow,  naphthol  yellow,  jaune  naphthol. 

Acme  Yellow. — Chrysoin,  chryscolin  yellow  T,  gold  yellow,  resorcin 
yellow,  acid  yellow  RS,  tropaeolin  O,  jaune  II. 

Victoria  Yellow. — Victoria  orange,  anilin  orange,  dinitrocresol,  saf- 
fron substitute,  golden  yellow. 

Orange  II, — Orange  No.  2,  orange  P,  orange  extra,  orange  A,  orange 
G,  acid  orange,  gold  orange,  mandarin  G  extra,  beta-naphtholorange, 
tropa'olin  OOO  Xo.  2,  mandarin,  chrysaurin. 

Metanil  Yelloic. — Orange  MN,  tropaeolin  G,  Victoria  yellow  (O  double 
cone),  jaune  (j  (met anil  extra). 

Sudan  I, — Carminnaj)hte. 

Orange  IV. — Orange  Xo.  4,  orange  N,  orange  GS,  new  yellow,  acid 
yellow  D,  tropa-olin  OO,  fast  yellow,  diphenylorange,  diphenylaminc 
orange,  jaune  cranilin,  anilin  yellow. 

Green  Colors. — Xaphthol  green  B. 

Blue  Colors.— Methylene  blue  BBC. — ^Methylene  blue  BB,  in  powder 
extra,  methylene  blue  DBB  extra,  methylene  blue  BB  (crystalline) 
ethylene  blue. 
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Brown  C<Aon.-^BismaTck  Brown. — Bismarck  brown  G,  Manchester 
brown,  phenylen  brown,  vesuvin,  anilin  brown,  leather  brown,  cinnamon 
brown,  canetlc,  English  brown,  gold  brown. 

Vesuvin  B. — Manchester  brown  EE,  Manchester  brown  PS,  Bis- 
marck brown,  Bismarck  brown  T,  bnin  Bismarck  EE. 

Fast  Brown  G.^Acid  brown. 

Chrysoidin. — Chrysoidin  G,  chrysoidin  R,  chrysoidin  J,  chrysoidin  Y. 
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Blue  Colors. — Ultramarine  blue. 

Violet  Colors. — Ultramarine  violet. 

Brown  Colors. — Manganese  brown. 

ChocoUue-brown  and  colors  of  a  similar  nature  have  as  their  basis 
natural  or  precipitated  oxide  of  iron,  which  in  an  impure  condition  may 
have  small  quantities  of  arsenic  in  its  composition.  It  is  possible  wiih 
proper  care  to  secure  a  raw  material  entirely  free  from  this  objectionable 
element,  and  no  oxide  of  iron  containing  any  traces  of  arsenic  should 
be  used  in  the  preparation  of  color. 

Green  Colors. — Ultramarine  green. 

HARULESS  ORGANIC  COLORS. 

Red  Colors. — Cochineal  carmine. 
Cartkamic  acid  (from  saffron). 
Redwood. 

Artificial  alizarin  and  purjntrin. 
Chrrry  and  b,:d  juice 
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Bordeaux  B, — Fast  red  B,  Bordeaux  R  e^ra. 

Cerasin. — Rouge  B. 

Ponceau  2G. — Brilliant  ponceau  GG,  ponceau  JJ. 

Fuchsin  S. — Acid  magenta,  rubin  S,  fuchsin  acide  (free  from  arsenic). 

Archil  Substitute. — Naphthion  red. 

Orange  I. — Orange  No.  i,  naphtholorange,  alpha-naphtholorange, 
tropseolin  OOO  No.  i. 

Congo  red. 

Azoruhin  S. — Azorubin,  azorubin  A,  azoacidrubin,  fast  red  C,  car- 
moisin,  brilliant  carmoisin   O,   rouge  rubin  A. 

Fast  Red  D. — Fast  red  EB,  fast  red  NS,  amaranth,  azoacidrubin  2B, 
Bordeaux  DH,  Bordeaux  S,  naphthol  red  S,  naphthol  red  O,  Victoria 
ruby,  wool  red  (extra),  uenanthinin. 

Fast  Red. — Fast  red  E,  fast  red  S,  acid  carmoisin  S. 

Poficeau  4GB. — Crocein  orange,  brilliant  orange  G,  orange  GRX, 
pyrotin  orange,  orange  ENL. 

Fuchsin. 

Metanitrazotin. 

Yellow  and  Orange  Colors. — Annatto, 

Saffron. 

Safflower. 

Turmeric. 

NaphtJwl  Yellow  S. — Citronin  A,  sulphur  yellow  S,  jaune  acide, 
jaunc  acide  C,  anilin  yellow,  succinine,  saffron-yellow,  solid  yellow, 
acid  yellow  S- 

Brilliant  YelUnv. — (Sch.) 

Ponceau  4GB.  —  Crocein  orange,  brilliant  orange  G,  orange  GRX, 
pyrolin  orange,  orange  KXL. 

Fast  Yelloiu. — Fast  yellow  G,  fast  yellow  (greenish),  fast  yellow  S, 
acid  yellow,  new  yellow  L. 

Fast  Ycllcnv  R. — Fast  yellow,  yellow  W. 

Azarin  S. 

(^rant^r  I. — Orange  No.  i,  naphtholorange,  alpha-naphtholorange, 
tropa'olin  OOO  Xo.  i. 

Granite.  -Orange  (jT,  orange  RN,  brilliant  orange  O,  orange  N. 

Mixtures  of  harmless  red  and  yellow  colors. 

Green  Colors. — Spinach  green. 

Chinese  green. 

Malachite  Green. — Malachite  green  B,  benzaldchyde  green,  new  Vic- 
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toria  green,  new  green,  solid  green  crystals,  solid  green  O,  diamond  green, 
bitter  amond  oil  green,  fast  green. 

Dinitrosoresorcin. — Solid  green  O  in  paste,  dark  green,  chlorine  green, 
Russia  green,  Alsace  green,  fast  green,   rcsorcinol  green. 

Mixlurcs  of  harmless  blue  and  yellow  colore. 

Blue  Colors. — Indigo. 

Litmus. 

Archil  blue. 

Gentian  Blue  6B. — Spirit  blue,  spirit  blue  FCS,  opal  blue,  blue 
lumibrc,  Hessian  blue,  light  blue. 

Couplers  Blue.— Fast  blue  R  and  B,  solid  blue  RR  and  B,  indigin  DF, 
indulin  (soluble  in  alcohol),  indophenin  extra,  blue  CB  (soluble  in  alcohol), 
nigrosin  (soluble  in  alcohol),  noir  CNN. 

In  General  such  blues  as  arc  derived  from  triphenylrosanilin  or  from 
diphenylamin. 

Violet  Colors.  — Pam  Violet,  — Methyl  violet  B  and  2B,  methyl 
violet  V^,  pyoktanin  cceruleum,  malbery  blue. 

Wool  black. 

Naphtlid  black  P. 

Azoblue. 

Mauvcin. — Rosolan,  violet  paste,  chrome  violet,  anilin  violet,  anilin 
purple,  Perkins  ^let,  indisin,  phenamin,  purpurin,  tyralin,  tyrian  purple, 
lydin. 

Brown  Colors.— Carjme/. 

Licoricf. 

C/irysamin  R. 

Use  of  Colors  in  Confectionery. — Regarding  the  choice  of  colors  for 
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fectioners  are  in  duty  bound  to  provide  against  all  possible  contingencies 
of  harm,  by  using  the  utmost  care  in  obtaining  absolutely  non-poisonous 
colors,  buying  only  fxx)m  color-dealers  of  established  reputation  and 
unquestioned  responsibility,  whose  colors  are  tested  at  frequent  intervals, 
and  are  vouched  for  by  competent  chemists. 

Confectioners  should  require  that  a  guarantee  be  put  upon  each 
package  of  color,  stating  not  only  that  the  contents  are  non-poisonous, 
but  also  that  they  will  not  in  any  way  interfere  with  digestion  or  injure 
health. 

Fourth.  Any  illegitimate  use  of  coloring  matter  in  confectionery  as 
a  substitute  for  chocolate  or  any  other  material  or  ingredient,  or  for  the 
puq^ose  of  adding  bulk  or  increasing  the  weight  of  the  confectionery 
in  which  it  is  incoq)orated,  should  not  be  permitted  or  countenanced. 
Both  the  letter  and  the  spirit  of  these  laws  should  clearly  prevent  the 
illegitimate  use  of  coal-tar  colors  or  of  earth  colors,  such,  for  example,  as 
chocolate-browTi,  coconole  brown,  or  chocolatina. 

Fijth.  That  color-dealers  furnishing  colors  to  confectioners  should 
publish  printed  lists  of  their  colors  under  the  various  names  and  titles 
by  which  they  are  known  and  offered  for  sale,  accompanying  such  lists 
with  ample  certifications  by  competent  chemists  to  their  purity  and  suit- 
ableness for  coloring  confectionery  and  other  articles  of  food.  They 
should  also  attach  to  each  package  or  other  container  of  color  a  guar- 
antee that  it  does  not  contain  anything  injurious  to  health. 

VEGETABLE  COLORS. 

These  with  a  few  mineral  pigments  and  cochineal  were  formerly 
almost  exclusively  used  for  coloring  food  products,  and  are  still  used 
to  some  extent. 

Most  of  the  veo:cta])lc  colors,  according  to  L.  Robin,*  react  with 
ammonia  to  form  a  coloration,  usually  passing  from  violet  to  blue,  then 
to  a  brownish  green,  when  the  ammonia  is  added  little  by  little  in  excess 
to  the  color  in  solution.  If  by  the  addition  of  ammonia  to  a  solution 
of  an  unknown  color  the  green  coloration  docs  not  result,  the  presence 
may  be  suspected  of  orchil  or  cudbear,  logwood,  cochineal,  or  a  coal-tar 
dye. 

The  following  vegetable  colors  are  occasionally  found  in  food,  with 
some  of  the  reactions  in  aqueous  solution,  as  given  by  Robin: 

*  Girard  et  Dupr^  Analyse  des  Mati^res  AUmentaires,  p.  579. 
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RED  COLORS. 


NatDTs  of  Color. 


Babeny     (whor- 
tleberry)   

Beet. 

Black  ciimiit. . . 
Logwood 

Brazil  wood 

Raspbeirv 

Cumutt. 

Blackbeiiy 

Phytolacca. 

Elderberry 


Greenish  blu< 
rose.colored  0 
edges 

Dull  green  or  fo 


red 
Deep  green 
Red  ttQged  with    1 

Curranl-red 
Bluish  green 

VeUow-brown  to 
greenish 
Yellowish  green 


Gray  to  liti 

White  or  rose 
let 

Violet 


DuU   maroon 

boltle.green 

Bluish 


Dull  violet 

.  Clear  violet,  pass- 
ing to  vellow 
with  ammonia 

.  Violet,  quickly 
passing  to  blue 
wilh   acetate  of 


YELLOW  COLORS. 


Persian  berries. 
Old  <us[l 


ARTiFiCML  FOOD  COLORS. 


637 


REACTIONS  OF  COLORING   MATTERS. 


Coloring 
Matter. 

Concentrated 
H2SO4. 

Concentrated 
HNOJ^ 

H,S04+HN0,. 

Concentrated 
HCl. 

Annatto 

Indigo-blue,  chang- 

Blue,      becoming 

Same 

No  change,  or  only 

ing  to  violet 

colorless    on 
standing 

slight  dirty  yel- 
low and  brown 

Turmeric. . . 

Pure  violet 

Violet 

Violet 

Violet,  changing  to 
original  color  on 
evaj)oration  ol 
\\V\ 

Saffron 

Violet     to     (obalt 

Light  blue,  chang- 

Same 

Yellow,     changing 

blue,  changing  to 

ing  to  light  red- 

to dirtv  vellow 

reddish  brown 

dish  brown 

Carrol 

I'nilx'r  brown 

I  )ecolorized 

Same    with     XC), 
fumes    and  odor 
of  burnt  sugar 

No  change 

Marigold. . . 

Dark    olive-green, 

Blue,  changing  in- 

Green 

Green  to  vellovdsh 

j)ernianent 

stant  Iv    to    dirtv 

•• 

ytllow-green 

green 

Satllowir.  . . 

Light  brown 

Partiallv    decolor- 

* 

ized 

Decolorized 

No  change 

of  aluminum  acetate  or  potassium  bichromate)  by  boiling  the  mordanted 
fibers  in  a  bath  of  the  colored  solution,  rendered  acid  by  acetic  acid.  The 
dyed  fibers  are  then  examined  by  reagents,  as  in  tables  given  on  pages 
C  5  2-65  9. 

Special  Tests  for  Vegetable  Colors. — Orchil  and  Cudbear,  both 

derived  from  lichens,  dye  wool  red  in  acid  bath.  The  colored  fiber, 
in  the  case  of  cudbear,  is  turned  blue  by  treatment  with  ammonia.  For 
reactions  of  orchil  on  the  fiber  see  table,  page  654.  Robin's  test  for  orchil 
in  aqueous  solution  consists  in  shaking  it  with  ether,  which,  if  orchil  is 
present,  is  colored  yellow.  On  treatment  of  the  ether  with  ammonia, 
the  yellow  color  is  changed  to  blue,  and,  by  adding  acetic  acid,  goes  over 
to  a  reddish  violet. 

Logwood,  according  to  Robin,  in  aqueous  solution  colors  ether  yellow, 
and  on  treating  the  ether  with  ammonia  the  color  becomes  red  or  faintly 
violet.  Potassium  bichromate  gives  a  violet  coloration,  mingled  with 
greenish  yellow.  If  cotton  is  first  mordanted  by  boiling  with  aluminum 
acetate,  it  is  dyed  violet  when  boiled  in  a  solution  of  logwood. 

Turmeric  is  best  extracted  from  a  dr\'  residue  with  alcohol,  which  it 
colors  yellow.  The  color  is  transferred  to  a  piece  of  filter-paper  by  soak- 
ing the  paper  in  the  alcoholic  tincture,  the  paper  is  dried  and  dipped 
in  a  dilute  solution  of  boric  acid  or  borax  slightly  acidulated  with  hydro- 
chloric acid.  On  again  dr\'ing  the  paper,  it  will  be  of  a  chern-red  color 
if  turmeric  is  present,  and  when  touched  with  a  drop  of  dilute  alkali  will 
turn  dark  olive. 
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Caiwnel. — Care  should  be  taken  in  testii^  for  caramel  not  to  subject 
the  sample  to  long-continued  heating,  even  on  the  water-bath.  Indeed 
caramel  is  sometimes  developed  spontaneously  in  saccharine  food  prod- 
ucts during  their  process  of  manufacture  when  heat  is  used,  by  the  charring 
of  the  sugar.  If  solutions  are  to  be  concentrated  or  brought  to  drj-ness 
before  testing  for  caramel,  this  should  be  done  in  a  vacuum  desiccator 
over  sulphuric  acid,  or  at  a  temperature  not  exceeding  70".  For  detection 
of  caramel  in  milk,  rinegar,  and  liquors,  special  tests  are  given  elsewhere. 

Fradiss  Test.* — The  dried  residue  of  the  sample  to  be  tested  is 
extracted  with  warm,  pure  methyl  alcohol,  which,  if  caramel  be  present, 
is  colored  brown.  Filter,  and  to  the  filtrate  add  amyl  alcohol  or  chloro- 
form. In  presence  of  caramel,  a  brown  flocculent  precipitate  is  formed, 
which  slowly  settles  to  the  bottom  of  the  tube. 

Indigo  in  aqueous  solution  turns  green  with  ammonia.  On  boiling, 
the  solution  becomes  bright  blue.  Indigo  in  neutral  or  acid  solution 
dyes  wool  or  silk. 

HINEBAL  PtGliENTS. 

Eridence  of  the  presence  of  these  pigmenls  is  usually  best  looked  for 
in  the  ash  of  the  susf)ccted  sample.  In  some  cast-s  the  color  may  be 
eitraaed  from  the  dried  residue  by  water,  alkali,  or  alcohol. 

Prussian  Blue. — This  pigment  is  insoluble  in  water.  It  is  decom- 
posed and  decolorized  by  treatment  with  potassium  hydroxide.  If  ihe 
filtered  alkaline  solution  of  the  coloring  matter  be  treated  wi:h  hydro- 
chloric acid  and  ferric  chloride,  a  precipitate  of  ihe  original  Prussian 
blue  will  be  produced.     For  reactions  on  the  liber  jet  table,  page  65S. 

Ultramarine  Blue  is  decolorized  by  hydrochloric  acid.     Treatment  of 
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imparts  to  this  solvent  a  yellowish  color,  the  depth  depending  on  the 
amount  present.  The  separated  amyl  alcohol  is  washed  with  water 
till  neutral,  and  divided  into  two  portions.  To  one  of  these  a  little  water 
is  added,  and  then  drop  by  drop  a  solution  of  uranium  acetate,  shaking 
each  time  a  drop  is  added.  In  presence  of  cochineal  the  water  is  colored 
a  very  characteristic  emerald-green  color.  To  the  other  portion  ammonia 
is  added.  If  cochineal  has  been  used,  a  violet  coloration  is  produced. 
These  reactions  arc  verj'  delicate. 

COAL-TAR  COLORS. 

So  many  of  the  coal-tar  dyes  are  adapted  for  use  in  food  that  it  would 
be  impossible  to  even  name  them  all,  especially  in  view  of  the  fact  that 
new  colors  are  from  time  to  lime  being  added  to  the  list.  No  attemp. 
will  be  made  in  the  present  work  to  give  the  nature  and  composition  of 
the  dyes  named,  as  such  descriptions  would  lead  beyond  its  scope.  For 
detailed  information  along  this  line  the  reader  is  directed  to  the  references 
on  page  660,  and  especially  to  the  works  of  Schultz  and  Julius,  Benedic. 
and  Knecbt,  Weyl,  etc. 

About  2000  separate  coal-tar  dyes  are  at  present  on  the  marke.. 
Various  classifications  of  these  colors  are  attempted,  based  on  (i),  their 
origin,  as  anilin  dyes,  naphthalin  dyes,  anthracene  dyes,  etc.;  (2),  their 
chemical  composition,  as  nitro,  nitroso,  azo,  diazo,  and  other  compounds; 
(3),  their  solubility  in  water  and  other  solvents;  and  (4),  their  mode 
of  ai)plication  to  the  fiber,  as  basic  dyes,  acid  dyes,  direct  cotton  dyes,  mor- 
dant dyes  J  etc. 

These  dyes  are  sold  in  the  form  of  powder,  and  are  readily  made 
into  solu:ions  for  food  colors  in  the  case  of  the  water-soluble  varielics, 
and  into  pas.cs  in  the  case  of  the  insoluble  forms.  Most  of  the  coal-tar 
colors  employed  in  foods  are  naturally  of  the  soluble  variety,  esj)eciallv 
such  as  are  found  in  jellies,  jams,  fruit  products,  canned  foods,  ketchu[)s, 
beverages,  and  milk.  Pastes  made  from  insoluble  dyes  are  adaplCvl 
mainly  for  exterior  coatings  of  hard  substances  such  as  candies.  Colors 
in  the  dry  form  are  to  be  looked  for  in  such  sj)ices  as  cayenne,  mustard, 
and  mace,  but  a  commoner  method  of  coloring  these  spices  high  in  oil 
is  to  mix  wi:h  them  a  soluticm  of  the  color  in  oil  (usually  cottonseed). 
Oil  solutions  of  coal-tar  dyes  are  also  employed  for  coloring  butter  and 
oleomargarine. 

The  chief  concern  of  the  food  analyst,  as  regards  artilicial  color   is 
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its  rec<^nition  in  food  products.  Coal  tar  dyes  may  usually  be  iden- 
tified as  such,  but  it  b  not  always  possible  to  name  the  particular 
individual  dye  or  combination  of  dyes  employed,  even  though  the  class 
to  which  they  belong  may  be  determined.  One  reason  for  this  is  that 
not  infrequently  mixtures  of  two  or  more  colors  are  employed, 

detectioh  op  Coal-tar  Colors  ih  foods. — There  are  various 

methods  for  the  separation  of  coloring  matters  from  food  products,  and 
these  may  be  divided  into  three  general  classes:  First,  dying  silk  or  wtx)1 
with  the  color  by  boiling  the  fiber  in  a  solution  of  the  sample  to  be 
examined;  second,  extracting  the  color  from  a  solution  of  the  sample 
by  the  use  of  an  immiscible  solvent ;  and  third,  extracting  the  color  from 
the  dried  residue  of  the  sample  by  means  of  a  suitable  solvent.  Of  these 
the  method  of  dying  wool  lends  itself  most  readily  to  the  analyst's  use, 
by  reason  of  ils  simplicity,  and  from  the  fact  that  almost  without  excep- 
tion coal-tar  dyes  adaptable  for  food  colors  are  substanlive  dyes,  being 
readily  taken  up  by  wool. 

Basic  and  Acid  Dyes. — The  soluble  coal-tar  dyes  are  either  basic 
(ir  acid,  Basic  dyes  arc  precipitaled  from  their  aqueous  solution  by 
tannin,  .\cid  dyes  are  not  so  precipitated.  Theoretically,  all  the  basic 
colors  are  taken  up  by  wool  from  a  faitilly  alkaline  or  neutral  bath,  while 
the  acid  colors  arc  left  in  solution.  Thus  if  a  dilute  solution  of  the  color 
be  made  faintly  alkaline  with  ammonia  and  boiled  with  the  wool,  only 
basic  colors  will  be  laken  up.  If  both  acid  and  basic  dyes  are  present 
in  the  same  solution,  the  basic  color  should  first  be  exhausted  by  the 
use  of  fresh  pieces  of  wool  in  the  ammoniacal  solution,  till  they  no  longer 
take  out  color,  after  which  the  solution  should  be  made  slightly  acid 
with  hydrochloric  acid  and  again  boiled  whh  wool,  which  under  these 
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be  freed  from  grease  by  boiling  first  in  very  dilute  soda  solution  and 
finally  in  water.  Strips  of  the  woolen  cloth,  or  pieces  of  the  worsted  thus 
previously  cleansed,  are  boiled  in  diluted  filtered  solutions  of  jams,  jellies, 
ketchup,  fruit  and  vegetable  products,  and  similar  food  preparations,  or 
in  solutions  of  candy  colors,  or  in  wines,  the  clear  solution  of  the  sample 
to  be  tested  being  slightly  acidified  with  hydrochloric  acid. 

Arata  *  recommends  boiling  the  wool  in  a  dilute  solution  of  the  food 
material  to  which  potassium  bisulphate  has  been  added,  using  10  cc. 
of  a  10%  solution  of  the  bisulphate  to  100  cc.  of  the  solution  to  be  tested. 
If  the  color  solution  is  neutral,  the  wool  should  first  be  boiled  in  this 
before  acidifying,  to  separate  out  any  basic  dyes.  The. dyed  wool,  after 
removal  from  the  solution,  is  boiled  first  in  water,  and  afterwards  prefer- 
ably in  an  alkali-free  soap  solution.  It  is  then  washed  and  dried.  The 
dried  fiber  may  then  be  subjected  to  the  various  reactions  given  in  the 
table,  pp.  652-659,  for  recognition  of  the  dye,  this  method  of  identifying 

colors  by  means  of  reactions  on  the  dyed  fiber  being  one  of  the  most  con- 
venient. 

A  few  of  the  vegetable  colors  as  well  as  cochineal  will  dye 
wool  directly,  and  these  may  be  identified  by  reactions  given  in  the  table 
with  the  coal-tar  dyes.  Other  vegetable  colors,  and  the  natural  colors 
of  fruits  nearly  always  give  a  slight  duU  coloration  or  stain  to  the  wool, 
but  this  is  not,  as  a  rule,  to  be  mistaken  for  the  vivid  hues  of  the  coal- 
tar  dyes.  Moreover  most  of  the  vegetable  colors  on  the  fiber  turn  green 
when  treated  with  ammonia.  Care  should  be  taken  to  thoroughly  wash 
the  wool  after  the  dyeing,  so  that  colored  particles  simply  held  thereon 
mechanicallv  mav  be  removed. 

Sostegni  and  Carpentier'f\  recommend  a  method  of  double  dyeing, 
applicable  when  acid  dyes  are  employed.  The  method  consists  in 
first  boiling  the  wool  in  a  dilute  acid  solution  of  the  food  sample  as 
above  dcscril)C(l,  after  which  the  fiber  is  removed  and  boiled,  first  in 
ver)^  dilute  hydrochloric  acid  solution,  and  then  in  water,  till  free  from 
acid.  The  color  is  then  dissolved  from  the  fiber  by  boiling  the  latter 
in  a  weak  ammoniacal  solution,  some  of  the  colors  being  more  readily 
dissolved  than  others.  The  liber  is  then  removed  from  the  solution, 
the  latter  is  acidified  with  hydrochloric  acid,  and  the  color  fixed  on  a 
fresh  piece  of  wool  ])y  boiling  therein.  The  second  dyeing  fixes  only  coal- 
tar  colors  on  the  fiber,  so  that  there  is  no  fear  of  mistaking  vegetable 

*  Ztsch.  anal.  Chem.,  38  (1889),  639. 
t  Ihid,,  35  (1896),  397. 
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colors  therefor.  Any  color  left  on  the  first  fiber,  after  treatment  with 
ammonia,  is  probably  due  to  the  natural  vegetable  color  of  the  sample, 
and  is  usually  no  more  than  a  dull  stain. 

Vegetable  Colors  on  Wool. — In  case  no  color  is  directly  fixed  on  the 
fiber  by  boiling  wool  in  a  solution  of  the  sample,  either  neutral  or  acid, 
absence  of  coal-tar  colors  may  be  assumed.  In  this  case  it  is  sometimes 
advisable  to  boil  strips  of  previously  mordanted  white  cotton  in  an  acid 
solution  of  the  sample,  to  remove  certain  vegetable  colors  for  purposes 
of  testing  on  the  fiber.  The  cotton  is  mordanted  by  boillt^  in  a  dilute 
(5%)  solution  of  potassium  bichromate. 

Eztractitni  of  Colors  from  their  Solutitm  by  ImmlsciUe  Solvents. — 
Methods  based  on  this  principle  are  in  use  in  the  municipal  laboratory 
at  Paris.*  Sangl^Ferriire  uses  the  following  method:  50  cc.  of  the 
wine  or  solution  to  be  tested  for  color  are  rendered  slightly  alkaline  by 
ammonia,  and  cautiously  shaken  with  about  15  cc.  of  amyl  alcohol.  If 
acid  dyes  are  present,  they  will  be  dissolved,  and  will  impart  to  the  amyl 
alcohol  a  distinct  color.f  Basic  dyes  also  arc  dissolved,  but  when  ihey 
are  present  the  amyl  alcohol  solution  is  colorless.  Remove  the  amyl 
alcohol  by  means  of  a  separator}'  funnel,  wash  with  water,  and  finally, 
if  the  alcohol  is  colored,  dilute  with  about  an  equal  volume  of  distilled 
water  and  evaporate  on  the  water-bath  with  a  piece  of  white  wool.  The 
wool  should  be  kept  in  the  solution  till  the  odor  of  the  amyl  alcohol  has 
disappeared,  and,  if  not  then  colored,  for  a  short  time  longer,  as  with 
some  colors  the  wool  will  dye  more  readily  in  the  aqueous  solution  than 
in  the  amyl  alcohol.  Remove  the  wool,  and  evaporate  the  solution  to 
drj'ness.     Test  for  color  in  the  dried  residue,  and  on  the  fibiT  also. 

Orchil,  like  the  acid  colors,  is  txtracl^il  by,  and  imparts  a  coloniiion 
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Fuchsin  is  indicated  by  a  yellow-brown  color  with  sulphuric  acid, 
which  by  dilution  with  water  becomes  rose;  sajranitiy  by  a  green  color 
becoming  first  blue,  then  red,  when  diluted  with  water,  and  magdala 
red  by  a  dark  blue  color,  turning  red  on  the  addition  of  water. 

Basic  colors  are  also  extracted  readily,  according  to  Robin,  by  making 
the  solution  to  be  tested  alkaline  with  sodium  hydroxide,  and  shaking 
with  acetic  ether.  The  solvent  is  removed,  washed,  and  evaporated 
with  wool  (on  which  the  tests  are  to  be  made),  or  the  evaporation  is 
carried  to  drvness  and  the  tests  made  on  the  residue. 

Many  coal-tar  colors  are  extracted  by  amyl  alcohol  in  acid  solution^ 
but  some  of  the  natural  fruit  colors  are  also  dissolved  under  these  con- 
ditions. The  coal-tar  dyes  thus  dissolved  will,  however,  dye  wool  and 
the  fruit  colors  will  not.  Fruit  colors  are  not  extracted  from  acid  or 
alkaline  solution  by  ether,  nor  from  alkaline  solution  by  amyl  alcohol. 

Robin's  method  for  ascertaining  whether  acid  colors  are  present 
consists  in  adding  to  the  licjuid  to  be  tested  an  excess  of  calcined  magnesia, 
and  a  little  20%  mercuric  acetate  solution,  the  mixture  being  boiled  and 
filtered.  If  the  filtrate  is  colored,  or  if  by  the  addition  of  acetic  acid 
to  the  colorless  filtrate  a  color  is  developed,  a  coal-tar  dye  is  indicated- 

Separation  of  Acid  and  Basic  Colors  with  Ether.* — Acid  and  basic 
colors  may  be  separated  from  their  dilute  aqueous  solution,  according 
to  Rota,  by  means  of  ether  as  follows:  To  100  cc.  of  the  solution  add 
I  cc.  of  20%  potassium  hydroxide  and  shake  in  a  separator}'  funnel  with 
several  portions  of  ether.  Basic  dyes  are  dissolved  by  the  ether,  leaving 
behind  as  a  rule  the  acid  colors.!  Wash  the  ether  extract  with  fainllv 
alkaline  water,  and  shake  out  with  5%  acetic  acid.  Some  colors  remain 
in  the  ether,  others  are  dissolved  in  the  acid.  Sei)arate  the  two  solvents, 
and  evaporate  each  to  dryness  on  the  water-bath. 

The  acid  c()l()r>  kft  in  the  slightly  alkaline,  acjueous  solution  after 
removal  of  the  basic  colore  by  cthrr  as  above,  may,  if  desired,  ])e  separated 
into  several  groups  1)\-  sueerssive  extraction,  as  follows:  fir^t  .^h'l^htly 
acidulate  with  acetic  acid  and  extract  with  ether,  then  ai^dify  with  hydro- 
chloric acid  and  a^ain  cxiract,  and  finally  examine  the  residual  solution 
for  colors  that  arc  insoluble  in  ether.  Thus  erythrosin  and  eosin  are 
solul)le  in  ether  when  >haken  with  their  aqueous  solution  made  acid  with 
hydrochloric  acid,   while  acid  fuchsin  is  insoluble. 


*  Analyst,  24,  p.  45. 

t  A  few  acid  dyes  are  excej)tional  in  being  soluble  in  cUier  with  alkali,  as  for  example, 
qiiinolin  yellow  and  the  sudans. 
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Separation  of  Colon  from  Dried  Food  Residues  by  Solvents. — This 
method  is  rarely  employed,  excepting  in  the  case  of  colors  insoluble .  in 
water,  but  soluble  in  ether  or  alcohol.  The  dried  pulp  of  canned  veget- 
ables, ketchups,  etc.,  may  be  acidified  with  hydrochloric  acid,  and  the 
color  extracted  therefrom  directly  with  alcohol.  In  this  case  however, 
there  is  no  obvious  advantage  over  the  previous  methods  of  dyeing  the 
fiber  directly  in  the  acid  solution  of  the  sample. 

Girard's  Tests  for  Acid  Fuchdn.*  —  Add  2  cc.  of  5%  potassium 
hydroxide  to  10  cc.  of  the  wine  or  other  solution  to  be  tested,  or  enough 
of  the  alkali  to  neutralize  the  acid.  Then  add  4  cc.  of  10%  acetate  of 
mercury  and  filter.  The  filtrate  should  be  alkaline  and  colorless.  If 
the  solution  remains  uncolored  after  acidifying  with  dilute  sulphuric 
acid,  no  acid  fuchsin  is  present.  If,  however,  there  is  produced  a  red 
to  violet  coloration,  and  no  other  coal-tar  colors  have  been  found  by  the 
Amyl  alcohol  extraction,  the  presence  of  acid  fuchsin  is  shown. 

Bellier*s  Test  for  Acid  Fuch^n. — Presence  of  acid  fuchsin  is  indicated 
by  adding  to  20  cc.  of  wine  or  other  solution  to  be  tested  about  4  grams 
of  freshly  precipitated  yellow  oxide  of  mercury,  boiling  and  filtering. 
The  filtrate,  if  acid  fuchsin  is  present,  is  colored  red,  tinged  with  violet. 

According  to  Blarez,  all  red  coal-tar  colors,  with  the  exception  of  acid 
fuchsin,  and  all  red  vegetable  colors  are  completely  decolorized  by  acidu- 
lating their  aqueous  solution  with  tartaric  acid,  and  digesting  with  dioxide 
of  lead.t 

CLASSIFICATION  AND  IDENTIFICATION  OF  COAL-TAK  DYES. 
Varioiis  excellent  schemes  have  been  prepared  for  identifying  unknown 
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the  dyes.  The  colors  are  divided  into  two  main  groups,  according  to 
whether  or  not  they  are  reducible  by  stannous  chloride.  These  two 
groups  are  each  further  subdivided  into  two  classes,  the  reducible  colors 
being  classed  according  to  whe:her  the  color  remains  unchanged,  or  is 
restored  by  treatment  with  ferric  chloride,  and  the  non-reducible  colors 
according  to  their  action  with  potassium  hydroxide. 

The  tests  are  carried  out  on  a  dilute  aqueous  or  alcoholic  solution 
of  the  coloring  matter,  the  strength  being  about  i  in  10,000.  Treat 
about  5  cc.  of  this  solution  with  4  or  5  drops  of  concentrated  hydrochloric 
acid  and  about  as  much  stannous  chloride  in  a  test-tube,  shake  the  mix- 
ture, and  heat  if  neressary  to  boiling.  Wi.h  some  colors  the  process  of 
decolorization  is  a  slow  one,  especially  if  the  solution  is  too  concentrated, 
and  it  is  well  to  repeat  the  experiment,  if  in  doubt,  diluting  the  original 
sample  still  further  with  water.  Tin  in  solution  in  concentrated  hydro- 
chloric acid  may  be  employed  instead  of  stannous  chloride,  if  desired. 

Here,  as  in  all  cases  of  color  testing,  it  is  well  to  make  comparative 
tests  wiih  known  colors. 

CLASSIFICATION  OF  ORGANIC  COLORING  MATTERS. 
[A  portion  of  the  aqueous  or  alcoholic  solution  is  treated  with  HCl  and  SnCl^.] 


Complete  decolorization.  Reducible  coloring 
matters.  Colorless  solution  is  treated  with 
Fe^.Cl^,  or  shaken  with  exposure  to  air. 


The  liquid  remains  .  The  original  color  re- 
unchanged.  Color-  siorcnl.  Reoxidiz- 
ing  matters  not  re-  i  al)li*  t coloring  mat- 
oxidi/ahic.  ters. 


Class  I, 


Class  II. 


Nitro  nitroso.  an<l  a/o  i  Indogenideand  imido- 
colors,   ini  hiding         (|uinone        <  oloring 


oxya/o  cind  hvdra/o 
colors. 
Picric  a(  id,  naphlhol 
y  e  1  1  o  w,  i)oni  eau, 
B  o  r  d  e  a  u  .x ,  and 
Congo  red. 


matters,  methylene 
blue,  safranin,  in- 
digo carmine. 


The  color  changed  no  further  than  with  HCl 
alone.  Nonreducible  colors.  \  part  of 
original  solution  is  mixed  with  20%  KOH 
and  warmed. 


Decolorization,    or    a    Xo    j)re(  i  p  i  t  a  t  i  o  n. 


precipitate.  Imid(j- 
carbo-fjuinone  color- 
ing matters. 


Class  III. 

Amido-derivatives  of 
(ii  and  trij)henyl 
methane,  a  u  r  a  - 
m  i  n  s ,  a  c  r  i  d  i  n  s, 
q  u  i  n  o  1  i  n  s,  and 
color  derivatives  of 
thio  Ijenzcnil. 

Fuchsin,  rosanilin, 
auramin. 


Li(iuid  becomes 
m<ire((>lored.  ( )xy- 
carbo-<iuinone  col- 
oring matters. 

Class  IW 

Nonamide  dijihrnyl 
methane,  oxv-ke- 
tone,  and  iuo>t  of 
natural  (organic  t ol- 
oring  matters. 

Eosins,     aurin,     aliz. 
arin. 
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Direct  Identification  of  Colore. — In  identifying  the  colors  commonly 
used  in  food,  it  is  rarely  necessary  to  carrj'  out  such  involved  processes 
cf  analyses  as  are  rendered  necessary  by  Rota's  scheme.  It  is  frequently 
possible  to  ascertain  the  color  or  group  of  colors  present  by  niaking  direct 
tests  with  various  reagents,  either  on  the  dyed  fiber,  or  on  the  diy  color- 
ing matter,  or  in  a  solution  containing  it. 

Many  tables  for  this  purpose  are  prepared,  but  the}'  are  never  com- 
plete by  reason  of  the  many  new  dyestuffs  constantly  introduced.  Such 
tables  arc  to  be  found  in  Allen's  "Commercial  Organic  Analysis,"  and 
in  Schiiltz  and  Julius's  "Systematic  Sur\-ey  of  the  Coal  Tar  Colors." 
While  it  is  true  that  the  limitation  of  the  dyes  suitable  for  purposes  of 
food  coloring  imposes  a  somewhat  lighter  task  on  the  food  analyst  than 
that  of  the  chemist  who  has  to  deal  with  all  varieties  of  commercial  colors, 
yet  it  is  obviously  impossible  to  make  a  complete  list  covering  even  the 
restricted  field  of  food  colors.  Doubtless  there  are  colors  long  well 
known  that  would  serve  admirably  for  this  purpose,  but  have  never  yet 
been  tried. 

Mainly  from  such  sources  as  the  above  comprehensive  tables  of  colors 
and  their  reactions,  the  writer  has  compiled  the  table  on  pp.  652-659, 
taking  as  a  basis  the  -scheme  of  Allen.*  This  table  includes  about  fifty 
selected  coloring  matters,  which  are  adapted  for,  and  have  been 
found  in,  foods  by  various  analysts,  as  listed  in  state  and  government 
reports,  as  well  as  in  laws  of  various  countries  dealing  with  food 
colors.  This  table  will  at  least  contain  the  colors  most  commonly  met 
with,  and  will  nearly  always  serve,  if  not  to  i<lentify  the  exact  dye,  to 
aid  in  classifying  it.  In  case  the  analj-st  wishes  to  identify  the  color, 
he  should  \x  provided,  for  standards,  with  as  com])lclc  a  collection  of 
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Reagents. — ^In  appl}ring  tests  on  the  fiber,  the  reagents  commonly  used 
arc  as  follows:  Concentrated  hydrochloric  acid,  concentrated  sulphuric 
acid,  sodium,  hydroxide  (10%  solution),  strong  ammonia  (28%),  a  hydro- 
chloric  acid  solution  of  stannous  chloride,  and  concentrated  nitric  acid. 
The  tests  should  be  made  on  pieces  of  the  fiber  in  small  porcelain  evapo- 
rating-dishes,  which  more  readily  than  test-tubes  show  exact  shades  of 
color.  In  cases  of  suspected  fluorescence,  test-tubes  should  be  used. 
Nitric  acid  is  conveniently  applied  by  a  glass  rod  to  the  fiber.  The 
stannous  chloride  should  first  be  allowed  to  act  in  the  cold.  If  no  change 
occurs,  gentle  heat  should  then  be  applied,  and  finally  boiling. 
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Fuchsin  is  indicated  by  a  yellow-brown  color  with  sulphuric  acid, 
which  by  dilution  with  water  becomes  rose;  safranitiy  by  a  green  color 
becoming  first  blue,  then  red,  when  diluted  with  water,  and  magdala 
red  by  a  dark  blue  color,  turning  red  on  the  addition  of  water. 

Basic  colors  are  also  extracted  readily,  according  to  Robin,  by  making 
the  solution  to  be  tested  alkaline  with  sodium  hydroxide,  and  shaking 
with  acetic  ether.  The  solvent  is  removed,  washed,  and  evaporated 
with  wool  (on  which  the  tests  are  to  be  made),  or  the  evaporation  is 
carried  to  dryness  and  the  tests  made  on  the  residue. 

Many  coal-tar  colors  are  extracted  by  amyl  alcohol  in  acid  solution^ 
but  some  of  the  natural  fruit  colors  are  also  dissolved  under  these  con- 
ditions. The  coal-tar  dyes  thus  dissolved  will,  however,  dye  wool  and 
the  fruit  colors  will  not.  Fruit  colors  are  not  extracted  from  acid  or 
alkaline  solution  by  ether,  nor  from  alkaline  solution  by  amyl  alcohol. 

Robin's  method  for  ascertaining  whether  acid  colors  are  present 
consists  in  adding  to  the  liquid  to  be  tested  an  excess  of  calcined  magnesia, 
and  a  little  20%  mercuric  acetate  solution,  the  mixture  being  boiled  and 
filtered.  If  the  filtrate  is  colored,  or  if  by  the  addition  of  acetic  acid 
to  the  colorless  filtrate  a  color  is  developed,  a  coal-tar  dye  is  indicated- 

Separation  of  Acid  and  Basic  Colors  with  Ether.* — ^Acid  and  basic 
colors  may  be  separated  from  their  dilute  aqueous  solution,  according 
to  Rota,  by  means  of  ether  as  follows:  To  100  cc.  of  the  solution  add 
I  cc.  of  20%  potassium  hydroxide  and  shake  in  a  separatory  funnel  with 
several  portions  of  ether.  Basic  dyes  are  dissolved  by  the  ether,  leaving 
behind  as  a  rule  the  acid  colors.!  Wash  the  ether  extract  with  fainllv 
alkaline  water,  and  shake  out  with  5%  acetic  acid.  Some  colors  remain 
in  the  ether,  others  are  dissolved  in  the  acid.  Separate  the  two  solvents, 
and  evaporate  each  to  dryness  on  the  water-bath. 

The  acid  colors  left  in  the  slightly  alkaline,  aqueous  solution  after 
removal  of  the  basic  colors  by  ether  as  above,  may,  if  desired,  be  se|)arated 
into  >everal  gr()Ui)>  \)\  successive  extraction,  as  follows:  tlrst  >li^htly 
acidulate  with  acetic  acid  and  extract  with  ether,  then  acidify  with  hvdro- 
chloric  acid  and  again  extract,  and  finally  examine  the  residual  solution 
for  colors  that  are  in>ohil)le  in  ether.  Thus  erythrosin  and  eosin  are 
soluble  in  ether  when  >haken  with  their  aqueous  solution  made  acid  with 
hydrochloric  acid,   while  acid  fuchsin  is  insoluble. 

*  Analyst,  24,  p.  45. 

t  A  few  acid  dyes  are  exeei)lional  in  being  soluble  in  ether  with  alkali,  as  for  examplct 
quinolin  yellow  and  the  sudans. 
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CHAPTER  XVII. 
FOOD   PRESERVATIVES. 

Preservation  of  Food. — Various  processes  have  from  ancient  times 
been  known  and  used  for  arresting  the  fermentative  changes  which  food 
products  in  their  natural  stale  undergo  on  long  standing.  These  proc- 
esses incUide  j)ickhng  with  vinegar,  dr^'ing,  smoking,  salting,  j)reserving 
with  sugar,  and  fmally  in  the  employment  of  heat  in  sterilizing  and  pcus- 
teurizing,  and  of  low  temperature  as  in  cold  storage.  All  of  them  are 
still  in  use,  and  are  universally  regarded  as  unobjectionable.  Ir^  addi- 
tion to  these  old  and  well-known  methods  of  food  preservation  is  the 
comparatively  modem  practice  of  arresting  fermentation  by  the  use  of 
such  antiseptic  chemical  agents  as  formaldehyde,  beta-naphthol,  boric, 
salicylic,  benzoic,  and  sulphurous  acids  or  salts  of  these  acids,  etc.,  in 
regard  to  the  wholesomencss  of  which  there  is  considerable  difference 
of  opinion.  These  substances  depend  for  their  efficiency  on  the  more 
or  less  complete  inhibition  of  bacterial  growth.  Nearly  all  exert  a  power- 
ful antise])tic  influence,  to  such  an  extent  that  to  accom])lish  their  ol)ject 
only  small  quantities  need  be  used  in  food. 

A[)art  from  their  toxic  elTects,  a  marked  dilTerence  naturally  exists 
between  the  employment  of  such  substances  as  salt,  sugar,  and  vine<^ar 
for  food  preservation,  all  of  which  are  in  themselves  foods,  and  in  the 
use  of  clKniical  agents  that  have  no  food  value.  The  advocates  of 
the  Tise  of  chemical  anti^e])tics  claim  that  there  are  no  authentic  instances 
on  record  of  injury  from  the  use  of  such  small  ({uantities  of  these  sub- 
stances as  are  necessary  to  arrest  decay,  while  there  are  many  cases  of 
injury  arising  from  the  use  of  foods  which,  while  aj)parently  wholesome, 
have  undergone  such  fermentation  as  to  develop  ptomaines  or  other 
harmful  toxins,  and  that  because  antiseptics  prevent  such  spoiling  of  the 
food,  their  use  is  decidedly  beneficial;  that  there  is,  besides,  no  more 
reason  why  a  prejudice  should  exist  against  the  employment  of  these 
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newer  chemicals  than  against  saltpeter,  which  has  long  been  used  in  the 
coming  of  meat,  or  against  the  cresols  and  phenob  left  as  a  product  of 
smoking. 

The  opponents  to  their  use  assert,  that  the  addition  to  food  of 
such  antiseptic  substances  as  pre\-ent  its  decay  also  series  to  retard 
the  digestive  processes  when  the  food  is  eaten;  that  many  of  these 
substances  are  drugs,  and  as  such  cannot  fail  even  in  small  quantities 
to  exercise  a  tone  effect  of  some  sort  on  the  system;  that  finally  their 
use  is  objectionable,  as  allon-ing  the  employment  in  certain  foods  of 
old  materials  that  have  in  some  cases  already  undergone  incipient 
decomposition  before  the  addition  of  the  antiseptic,  and  are  thus  un- 
wholesome. 

RegnUtioa  of  Antiseptics  in  Food. — In  the  absence  of  legislation 
directly  prohibitii^  the  use  of  any  of  the  above-named  antiseptics,  and 
in  ™w  of  the  difference  of  opinion  regarding  their  toxic  effects  when 
present  in  small  quantities,  it  is  difficult  to  maintain  a  complaint  under 
the  general  food  lan-s  as  they  exist  in  most  states,  basing  the  complaint 
solelv  on  their  harmfulness.  In  some  localities  certain  antiseptics  are 
specifically  allowed  and  others  are  prohibited.  Some  of  the  states,  as, 
for  example,  Massachusetts,  hare  special  laws  under  which  it  is  required 
that  in  the  case  of  all  foods  thus  treated,  the  name  and  percentage  of  such 
antiseptics  as  are  used  must  appear  plainly  on  labels  of  the  packages 
or  containers  thereof,  such  a  provision  being  based  on  the  assumption 
that  the  general  public  should  be  informed  of  what  they  arc  buying,  where 
anv  doubt  exisis  as  to  the  wholesoraeness  oC  any  ingredient  present. 
Where  such  Uw^  as  those  are  in  force,  the  chemist's  task  is  compani- 
\\\\\\  easv.  in  that  conviction  in  court  is  not  dependent  on  his  individual 


FOOD  PRESERyATiyES.  663 

measures  would  seem  to  be  along  the  line  of  compelling  the  honest 
labelling  on  the  package  of  the  preservatives  employed. 

Commercial  Food  Preservatives. — ^A  large  number  of  commercial 
preparations  are  sold  for  purposes  of  preserving  specific  articles  of  food 
and  arc  put  out  under  trade  names  that  usually  convey  no  suggestion 
of  their  Inic  character.  Some  of  these  consist  of  a  single  antiseptic  sub- 
stance, such  as  salicylic  acid,  ammonium  fluoride,  calcium  sulphate, 
borax,  or  benzoic  acid,  while  others  are  mixtures  of  several  antiseptics, 
of  which  the  following  are  tyjncal  examples,  showing  their  composition 
as  found,  together  with  the  amount  of  the  mixture  to  be  employed. 

A.  For  i)rcserving  sausage  meat,  using  8  ounces  ]xt  100  pounds 
of  meat: 

Borax 36% 

Salt 46% 

Sahpeter 18% 

(Colored  with  an  anilin  dye.) 

J5.  For  preserving  cider  and  ketchup. 

A  34%  solution  of  beta-naphthol  in  alcohol,  using  2  fluid  ounces  to 
45  gallons  of  cider,  or  i^  ounces  to  10  gallons  of  ketchup. 

C.  For  preserving  beer,  using  ij  ounces  per  barrel  of  beer: 

Salt 45% 

Salicylic  acid ?7% 

Sodium  carbonate  and  salicylate 28% 

D.  For  preserving  chc.pped  meats,  using  i  ounce  to  50  pounds  o£ 
meat' 

Sodium  sulphite 65% 

Borax 35% 

E.  EriecliNC  for  curing  beef,  hams,  tongues,  bacon,  pig's  feet, 
etc.: 

Borax 28% 

Boric  acid 1 2% 

Sodium  chloride 35% 

Potassium  nitrate 25% 

F.  For  i)reser\  ing  milk  and  cream: 

Boric  acid 75% 

Borax 25% 
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G.  For  preserving  jellies,  jams,  preserves,  mince-meat,  and  syrups, 
using  from  i  to  2  ounces  of  preservative  to  100  pounds  of  product: 

Sodium  benzoate 50% 

Boric  acid 40% 

Sodium  chloride 5% 

Sodium  bicarbonate 5% 

H.  For  preserving  ketchup  and  tomato  pulp,  using  from  6  to 
8  ounces  to  45  gallons  of  the  product : 

Sodium  benzoate 50% 

Sodium  chloride 40% 

Sodium  sulphite 10% 

/.  Effective  for  keeping  butter  from  becoming  tainted  or  rancid, 
also  for  salt  codfish,  using  8  to  12  ounces  per  100  pounds  butter: 

Boric  acid 25% 

Borax 50% 

Sodium  chloride 25% 

J.  For  presenting  eggs  (surface  applicalion").  A  saturated  solu- 
tion of  salicylic  acid  in  3  quarts  of  water,  i  quart  strong  alcohol  and  7 
ounces  of  glycerin. 

FORMALDEHYDE. 

Formaldehyde  (HCHO)  is  a  gas  formed  by  the  action  of  a  red-hot 
spiral  of  ])lalinum  wire  on  vaporized  mclhyl  alcdiol.  It  is  also  pro- 
duced by  the  dr>-  dislOlalion  of  calcium  formate.     In  the  market  it  com- 
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sweet  for  four  days  in  summer  weather,  when  under  ordinary  conditions, 
the  milk  untreated  would  curdle  in  less  than  forty-eight  hours. 

Determination  of  Formaldehyde  in  the  Commercial  Preservative. — 

(i)  I odo metric  Method* — ^Mix  10  cc.  of  the  aldehyde  solution  (diluted 
if  necessar)'  to  a  strength  not  exceeding  3%  of  formaldehyde)  with  25  cc. 
of  tenth-normal  iodine  solution,  and  add  drop  by  drop  a  solution  of  sodium 
hydroxide,  till  the  color  of  the  liquid  becomes  clear  yellow.  The  solution 
is  set  aside  for  at  least  ten  minutes,  after  which  hydrochloric  acid  is  added 
to  set  free  the  uncombined  iodine,  and  the  latter  is  titrated  back  with 
tenth-normal  thiosulphate.  Two  atoms  of  iodine  are  equivalent  to 
one  molecule  of  formaldehyde,  in  accordance  with  the  following  reactions: 

6NaOH-f61  =NaI03+ sNal+sH.O. 

3CH2O  -f  NalOa  -  3CH,0,  +  Nal. 

SNal  +  NaI03-f  6HC1 =6NaCl+  !«+  3H2O. 

(2)  Method  oj  Blank  and  Finkenbeiner.^ — Three  grams  of  the  solu- 
tion are  weighed  into  a  tall  Erlenmeyer  flask,  to  which  is  then  added 
from  25  to  30  cc.  of  twice-normal  sodium  hydroxide.  50  cc.  of  pure 
2.5  to  3  per  cent  hydrogen  peroxide  solution  are  next  gradually  run  in 
during  a  space  of  from  three  to  ten  minutes,  through  a  funnel  placed  in 
the  neck  of  the  flask  to  prevent  spurting,  and  the  solution  is  allowed  to 
stand  for  two  or  three  minutes,  after  which  the  funnel  is  washed  with 
water. 

Finally  the  unused  sodium  hydroxide  is  titrated  with  twice-normal 
sulphuric  acid,  using  litmus  as  an  indicator.  The  less  formaldehyde 
in  the  sample,  the  longer  the  mixture  should  stand  after  addition  of  the 
hydrogen  j)er()xide,  to  c()m[)lete  the  reaction.  When  less  than  30'  /  is 
present,  it  sliordd  stand  at  least  ten  minutes. 

Ascertain  the  |)er(enlage  of  formaldehyde,  by  multiplying  by  2  the 
numl)er  of  cubic  centimeters  of  soda  solution  used,  when  3  grams  of  the 
sample  are  taken. 

(3)  Ammonia  MclhoiLX — Weigh  10  grams  of  the  formaldehyde  solu- 
tion into  a  l1ask,  and  treat  with  an  excess  of  ammonia.  Cork  the  llask 
and  shake  frecjiiently  during  several  days.  The  formaldehyde  is  by  this 
process  converted  into  hexamethylaminc. 

Transfer  the  solution  to  a  tared  platinum  dish,  and  evaporate  nearly 

♦  Zcits.  anal.  Chcm.,  1897,  36,  pp.  18-24;  abs.  Analyst,  22,  p.  221. 

t  Ber.,  31  (17),  2979. 

J  Conn.  Exp.  Sta.,  Annual  Report,  1899,  p.  143. 
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whole  anungement  being  such  that  a  continuous  current  of  methyl  alcohol 
vapor  bubbles  through  the  liquid  in  the  smaller  flask,  the  heat  being  so 
regulated  that  from  15  to  25  cc.  of  methyl  alcohol  remains  in  the  150- 
cc.  flask,  while  about  100  cc.  of  dbtillate  passes  into  the  receiving-flask 
in  half  an  hour.  Continue  the  distillation  till  all  the  acid  has  passed 
over,  which  is  usually  accomplished  by  distilling  100  cc.  By  a  gentle 
aspiration  upon  the  receiving-flask,  loss  by  leaking  may  be  avoided. 


Prepare  a  mixture  of  40  cc.  of  glycerin  and  icx>  cc.  of  water,  ant]  care- 
fully neutralize,  using  phenolphlhalein  as  an  indicator.    .\dd  this  mixir.rc 

to  the  distillate,  and  titrate  the  whole  ^nth  tt^nth-normal  sodium  hydroxide. 
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(i)  The  Turmeric-paper  Test, — ^The  most  delicate  test  for  boric  acid, 
free  or  combined,  is  made  by  the  aid  of  turmeric-paper,  prepared  by  soak- 
ing a  smooth,  thin  grade  of  filter-paper  in  an  alcoholic  tincture  of  pow- 
dered turmeric.  The  paper  is  afterwards  dried  and  cut  into  strips,  which 
are  kept  for  convenience  in  a  wide-mouthed  bottle  in  a  dark  place. 

Slightly  acidulate  the  ash  of  the  sample  to  be  tested  with  a  few  drops 
of  dilitc  hydrochloric  acid,  avoiding  an  excess  of  acid.  Then  dissolve  the 
ash  in  a  few  drops  of  water  and  thoroughly  saturate  a  strip  of  the  tur- 
meric-paper in  the  solution.  On  drying  the  paj)er,  if  boric  acid  either  free 
or  comlM'ned  l)e  ])resent,  a  cherr}'-red  coloration  will  Ik-  imparted  to  the 
pa|)er,  the  depth  of  color  depending  on  the  amount  ])resent.  As  a  con- 
firmatory te>t,  apply  a  drop  of  dilute  alkali  to  the  reddened  })aper,  and 
a  (lark-olive  color  will  be  due  to  boric  acid,  sharply  to  be  distinguished 
from  the  deep-red  color  ])roduced  when  an  alkaline  solution  is  ap})lied 
to  on'inary  turmeric-paper.  The  turmeric-paper  reaction  is  delicate  to 
I  i)art  in  8,000. 

(2)  Tincture  oj  Turmeric  Test. — ^To  the  solution  to  be  tested,  slightly 
acidii'ied  with  hydrochloric  acid,  add  an  equal  volume  of  saturated  tinc- 
ture of  turmeric  in  an  evaporating-dish,  and  heat  for  a  minute  or  two.  A 
red  color,  light  or  dark,  depending  on  the  amount  of  the  preservative, 
is  produced  if  boric  acid  be  present,  changed  to  an  olive  color  by  the 
addition  of  dilute  alkali,  after  cooling. 

(3)  The  Flame  Test. — A  few  cubic  centimeters  of  alcohol  are  added  to 
the  dish  containing  the  slightly  acidulated  ash  of  the  sample  to  be  tested,  or 
to  the  acidulated  dried  residue  from  the  evaporation  of  the  aqueous  solution 
of  the  suspected  [)reservative,  and  after  mixing  by  the  aid  of  a  stirring- 
rod,  the  alcohol  is  ignited.  In  the  presence  of  any  considerable  portion 
of  free  or  combined  l)oric  acid,  a  greenish  tinge  will  be  observed  in  the 
flame  of  the  burning  alcohol,  especially  at  the  lirst  flash,  due  to  the  boric 
ether  formed.     This  lest  is  l)y  no  means  as  delicate  at  the  ])aj)er  test. 

Determination  of  Boric  Acid  in  Foods. — (i)  Tlwmpson\s  Method.^ — 
Add  I  or  2  grams  of  sodium  hydroxide  to  100  grams  of  the  sample,  and 
eva])orale  to  dryness  in  a  platinum  dish.  Char  the  residue  thoroughly,  and 
boil  with  20  cc.  of  water,  adding  hydrochloric  acid  dro])  by  dro])  till  all  but 
the  carbon  is  dissolved.  In  burning,  avoid  loo  high  a  heat,  sim])ly  charring 
sufilciently  to  insure  a  clear  solution  with  water.  Transfer  by  washing 
to  a  loo-cc.  graduated  flask,  taking  care  that  the  volume  does  not  exceed 
50  or  60  cc.     Add  half  a  gram  of  dry  calcium  chloride,  then  a  few  drops 

*  Analyst,  18,  p.  184. 
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of  phenolphthaiein  solution,  and  next  a  10%  solution  of  sodium  hydroxide, 
till  a  permanent  pink  color  persists.  Finally  add  25  cc.  of  lime-water. 
By  this  means  all  phosphoric  acid  Is  precipitated  in  the  form  of  calcium 
phosphate.  Make  up  to  the  loo-cc.  mark  with  water,  shake,  and  pour 
upon  a  dry  filter.  To  50  cc.  of  the  filtrate  add  sufficient  normal  sulphuric 
acid  to  remove  the  pink  color.  Then  add  a  few  drops  of  methyl  orange, 
and  continue  the  addition  of  sulphuric  acid  till  the  yellow  is  just  turned 
to  pink.  Tenth-normal  sodium  hydroxide  is  then  added  *  till  the  liquid 
takes  on  a  faint  yellow,  excess  of  alkali  being  avoided.  The  salts  of  the 
acids  present  at  this  time  are  all  neutral  to  phenolphthaiein  except  boric 
acid  and  carbon  dioxide.  Boil  the  solution  to  expel  the  carbon  dioxide, 
cool,  add  a  little  more  phenolphthaiein,  and  a  quantity  of  glycerin  equal 
in  volume  to  the  solution.  Finally  titrate  with  tenth-normal  sodium 
hydroxide  to  a  permanent  pink  color.  Each  cubic  centimeter  of  tenth- 
normal sodium  hydroxide  equals  0.0062  gram  crystallized  boric  acid, 
HjBOj,  or  0.0035  gram  boric  anhydride,  B,Oj,  or  0.00955  gram  cn'stal- 
lized  borax,  NaiB,OT,ioH,0. 

(2)  Gooch's  Method. — Mix  400  to  500  grams  of  the  substance  with 
10  grams  of  calcium  hydrate,  evaporate  to  dryness  over  a  water-bath  in 
a  platinum  dish,  and  bum  cautiously  lo  an  ash.  Dissolve  the  residue  in 
cold  nitric  acid,  and  add  an  excess  of  silver  nitrate  to  precipitate  the  chlo- 
rine. Filter,  make  up  to  500  cc.  with  water,  shake,  and  measure  out  25  cc. 
vito  a  200-cc.  flask  fitted  with  a  stopper  provided  with  an  outlet-uibo, 
and  with  a  separator)'  funnel  forming  virtually  a  thistle-tube,  capable  of 
being  closed  with  a  glass  stop-cock.  Through  the  outlet-tube  connect 
the  flask  \vith  a  Licbig  condenser  provided  with  an  adapter  which  can 
dip  below  the  liquid  in  the  receiver.  As  a  receiver,  use  a  150-cc.  tared 
which  conlains  a  weighed  auanliiv  of  iimilcd  lime  i 
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SALICYLIC  ACID. 

SaKqrlic  acid  (HCjHjOj)  is  a  white,  crystalline,  strongly  acid  powder, 
made  synthetically  by  treatment  of  carbolic  acid  with  sodium  hydroxide 
and  carbon  dioxide,  or  naturally  from  methyl  salicylate  (which  occurs  in 
oil  of  wintcrgreen  to  the  extent  of  about  90%),  by  treatment  of  the  winter- 
green  oil  with  strong  potash  lye.  Most  of  the  commercial  salicylic  acid  is 
of  the  synthetic  variety.  Pure  salicylic  acid  crystallizes  from  alcoholic 
solutions  in  4-sidcd  prisms,  and  from  aqueous  solution  in  long,  slender 
needles.  It  melts  at  155^  to  156°  C.  It  is  slightly  soluble  in  cold  water 
(i  i)art  in  450),  and  much  more  so  in  hot  water.  It  is  readily  soluble  in 
ether,  alcohol,  and  chloroform. 

It  is  frequently  found  on  the  market  as  a  food  preservative  in  the  form 
of  the  much  more  soluble  sodium  salt,  sodium  salicylaie,  (NaC^HjOa), 
which  is,  however,  converted  into  salicylic  acid  when  added  to  acid- 
fruit  preparations,  condiments,  and  liquors. 

Sodium  salicylate  is  a  white,  amorphous  powder,  soluble  in  0.9  parts 
water  and  in  6  parts  alcohol.  It  is  prepared  by  treating  salicylic  acid 
with  a  strong,  aqueous  solution  of  sodium  carbonate,  and  afterwards 
purifying.  If  a  known  weight  of  the  powdered  preservative  be  ignited, 
and  a  solution  of  the  ash  titrated  with  tenth-normal  sulphuric  acid,  using 
cochineal  as  an  indicator,  each  cubic  centimeter  of  the  acid  is  equivalent 
to  0.0160  gram  of  sodium  salicylate. 

Salicylic  acid  is  largely  used  as  a  preservative  of  jellies,  jams,  an  I 
fruit  prej)arations,  canned  vegetables,  ketchups,  table  sauces,  wines, 
beer,  and  cider.     It  is  rarely  used  in  milk  and  milk  products,  or  in  meats. 

Bucholz  has  shown  that  0.15%  of  salicylic  acid  is  sutlicient  to  prevent 
bacteria  from  (leveloj)in^  in  ordinary'  organic  substances,  while  as  small 
a  cjuantity  as  0.04' 7'  I>ro(hices  a  marked  restraining  intluence. 

Detection  of  Salicylic  Acid. — If  the  sample  to  be  teMed  is  of  a  .similar 
nature  to  jelly,  jam,  ketc  hup,  cider,  etc.,  or  capal)le  of  ji;elting  into  a(jiie- 
ous  solution,  >liii;htly  acidify  the  liquid  or  pasty  material,  diluted,  it  neces- 
sary-, with  weak  suli)huric  (if  not  already  acid),  and  shake  directly  wiili 
an  ecjual  bulk  of  ether,  petroleum  ether,  or  chloroform,  in  a  corked  llask, 
or  in  a  separatory  funnel.  If  the  sample  be  too  thick  in  consistency  to 
shake  directly,  macerate  in  a  mortar  with  alkaline  water,  and  strain  through 
cloth.  Acidify  the  filtrate  with  dilute  sulphuric  acid,  and  then  procee:i 
to  shake  with  the  immiscible  solvent  as  above.  Separate  by  decanlalion  or 
otherwise  the  immiscible  solvent  containing  the  preservative,  if  present,  and 
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allow  it  to  evaporate  in  an  open  sliallow  dish,  either  at  room  temperature 
or  at  a  low  heat.  In  case  an  emulsion  forms  on  shaking,  which  is  quile 
apt  to  happen,  especially  with  ether  for  a  solvent,  divide  the  whole  mixture 
between  two  tubes  of  a  centrifuge  of  the  form  shown  in  Fig.  ii,  and 
whirl  for  three  minutes  at  a  high  rate  of  speed.  This  usually  ser\-es  to 
break  up  the  most  obstinate  emulsion,  so  that  it  is  easy  to  separate  by 
decantation.  If  a  considerable  amount  of  salicylic  acid  be  present,  it 
will  sometimes  appear  in  the  residue  in  the  form  of  fibrous  crj'stals.* 

(i)  To  a  portion  of  the  dry  residue  add  a  drop  of  ferric  chloride  solu- 
tion. A  deep  purple  or  violet  color  indicates  salicylic  acid.f  If  doubt 
exists  as  to  the  color,  dilute  with  water,  which  often  series  to  bring  out 
a  distinctive  purple  coloration  otherwise  unobscrvable. 

(2)  Another  portion  of  the  residue  may  be  heated  with  methyl  alcohol 
and  sulphuric  acid.  If  salicylic  acirl  be  present,  the  well-known  odor  of 
methyl  salicylate  will  be  produced. 

(3)  A  portion  of  the  drj-  ether  extract  is  warmed  gently  with  a  drop 
of  concentrated  nitric  acid,  and  two  or  three  drops  of  ammonia  are  added. 
Yellow  ammonium  picrate  will  be  formed  if  a  considerable  quantity  of 
salicylic  acid  be  present,  and  a  thread  of  wool  free  from  fat  may  be  dyed 
by  soaking  therein.  This  test  is  by  no  means  as  delicate  as  the  ferric 
c'.iloride  color  test. 

Detennination  of  Salicylic  Acid. — A  rough  quantitative  estimation 
of  salicylic  acid  may  be  made  colorimetricaily,  by  carrying  out  more 
carefully  the  method  already  given  for  its  detection  with  ferric  chloride. 
Make  several  extractions  of  a  weighed  or  measured  portion  of  the  sample 
to  be  tested  with  ether  or  chloroform.  Evaporate  the  combined  extracts  to 
dryness,  and  take  up  this  residue  with  several  washings  of  strong  alcohol, 
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BENZOIC  ACID. 


Benzoic  Acid  (HC7H5O3)  is  produced  by  the  oxidation  of  a  large 
number  of  organic  substances,  particularly  toluene.  It  is  also  extracted 
by  sublimation  from  gum  benzoin,  which  exudes  from  the  bark  of  the 
Styrax  benzoin,  a  tree  growing  in  Java,  Sumatra,  Borneo,  and  Siam. 
Most  of  the  commercial  benzoic  acid  is  made  from  toluene  bv  treatment 
with  chlorine  and  subsequent  oxidation.        • 

Benzoic  acid  cr}^stallizcs  in  leaflets,  having  a  silky  luster.  It  is  odor- 
less when  cold,  is  soluble  in  200  parts  of  cold,  and  25  parts  of  boiling 
water,  and  readily  dissolves  in  alcohol,  ether,  and  chloroform.  Its  melt- 
ing-point is   120°,  and  it  sublimes  at  a  slightly  higher  tem})erature   . 

Sodium  Benzoate  (XaCyHjOv)  is  the  salt  most  largely  used  in  commer- 
cial })reservatives,  being  much  more  soluble  than  the  acid  itself,  into 
which,  however,  it  is  converted  when  put  into  acid  fruit  preparations.- 
Sodium  benzoate  is  prepared  by  adding  benzoic  acid  to  a  concen- 
trated hot  solution  of  sodium  carbonate  till  there  is  no  longer  efferves- 
cence, and  then  cooling,  and  allowing  the  sodium  benzoate  to  crystallize 
out. 

In  titrating  solutions  of  ignited  sodium  benzoate  with  tenth-normal 
sulphuric  acid,  each  cubic  centimeter  of  the  standard  acid  is  equivalent 
to  0.0144  gram  of  the  benzoate. 

Sodium  benzoate  is  a  white,  amorphous  powder,  having  a  sweetish, 
astringent  taste.  It  is  soluble  in  1.8  parts  of  cold  water,  and  in  45  parts 
of  alcohol.  Benzoic  acid  is  commonly  found  as  a  preservative  of  ketchups^ 
jellies,  jams,  and  canned  goods,  and  less  often  in  wines  and  licjuors. 

Detection  of  Benzoic  Acid. — The  sample  is  extracted  with  ether  or 
chloroform  in  precisely  the  same  manner  as  directed  for  salicylic  acid. 
In  fact,  it  is  nearly  always  desirable  to  test  the  same  sample  for  both 
these  j)reser\'atiyes,  since  either  and  sometimes  both  are  a])t  to  be  found 
in  the  same  class  of  food  ])r()ducts.  For  this  puq)ose,  the  ether  or  chloro- 
form extract  is  conveniently  divided  and  evaporated  to  dr}'ness  in  separate 
dishes,  one  of  the  residues  to  ])e  tested  for  salicylic,  and  the  other  for 
benzoic  acid.*  A  considerable  amount  of  benzoic  acid  is  aj)j)arent  in  the 
residue  as  shining  crystalline  scales  or  needles. 

(i)  Ferric  Chloride  Test. — A  portion  of  the  residue  from  the  ether 
extract  is  dissolved  in  ammonia,  and  evaporated  to  dryness  over  the  water- 
bath.     The  residue  is  stirred  in  a  few  drops  of  warm  water,  and  the  latter 

*  See  also  method  on  p.  142. 
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solution  is  poured  through  a  filter,  and  collected  in' a  narrow  test-tube. 
A  drop  of  ferric  chloride  b  added,  and  in  the  presence  of  benzoic  acid 
a  fiesh-colored  precipitate  of  ferric  benzoate  is  produced,  very  character- 
istic and  unmistakable,  because  of  its  peculiar  color,  when  the  solution 
in  which  the  test  is  made  is  colorless.  It  occasionally  happens,  however,  in 
the  case  of  jellies,  jams,  and  ketchups,  that  these  preparations  are  arti- 
ficially colored  with  a  dyestuff  that  persists  by  its  depth  of  color  in  obscur- 
ing that  of  the  ferric  benzoate,  especially  when  only  a  small  amount  of 
benzoic  acid  is  present.  Again,  in  such  products  as  sweet  pickles,  a 
precipitate  of  basic  ferric  acetate  might  also  come  down  with  the  ferric 
benzoate,  and  thus  confuse.  In  such  cases  one  of  the  following  methods 
should  be  carried  out. 

(2)  Sublimalion  Method.* — Evaporate  an  ammoniacal  solution  of  tho 
ether  extract  to  dryness  in  a  large  watch-glass,  by  the  aid  of  a  gentle  heat. 
Fasten  with  clips  or  otherwise  a  second  watch-glass,  to  the  first,  edge  to  edgf, 
so  as  to  form  a  double  convex  chamber,  with  a  cut  filter-paper  between. 
Place  upon  a  small  sand-bath  and  heat.  Benzoic  acid,  if  present,  will 
sublime  upon  the  surface  of  the  upper  glass  in  minute  needles,  recogni- 
zable under  the  microscope.  It  may  further  be  tested  by  determining 
the  melting-^oint  of  the  crystals,  or  by  treating  the  residue  with  ammonia, 
and  after  evaporation  and  solution  of  the  residue,  applying  the  ferric 
chloride  test  as  above. 

{3)  Peter's  Oxidation  Method.^ — ^This  method  depends  on  the  oxida- 
tion of  benzoic  to  salicylic  acid  by  the  action  of  sulphuric  acid  and  bariu-i 
peroxide,  and  should,  of  course,  be  applied  only  when  salicylic  acid  has 
been  first  proved  absent. 

A  portion  of  the  residue,  say  0.1  gram,  from  the  ether  or  chloroform 
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cooled,  and  filtered.    The  filtrate  is  then  extracted  with  ether  or  chloro- 
form, and  the  extract  tested  in  the  regular  manner  for  salicylic  acid. 

Mohler's  Test  for  Benzoic  Acid.* — ^The  ether  extract  or  the  distillate 
from  the  suspected  sample  is  evaporated  to  dryness,  and  the  residue  treated 
with  2  or  3  cc.  of  strong  sulphuric  acid.  Heat  till  white  fumes  appear; 
organic  matter  is  charred  and  benzoic  acid  is  converted  into  sulpho-benzoic 
acid.  A  few  crystals  of  potassium  nitrate  are  then  added.  This  causes 
the  formation  of  metadinitrobenzoic  acid.  When  cool,  the  acid  is  diluted 
with  water,  and  ammonia  added  in  excess,  followed  by  a  drop  or  two  of 
ammonium  sulphide.  The  nitrocompound  becomes  converted  into  am- 
monium metadiamidobenzoic  acid,  which  possesses  a  red  color.  This 
reaction  takes  ])lace  immediately,  and  is  seen  at  the  surface  of  the  liquid 
without  stirring. 

SULPHUROUS   ACID   AND   THE    SULPHITES. 

Free  sulphurous  acid  is  not  often,  if  ever,  aj^plied  as  such  to  foods, 
but  from  the  *'sul])huring"  process,  to  which  wine  casks  are  often  sub- 
jected, the  free  acid  is  sometimes  found  in  the  wine.  The  sulphurous 
acid  salts  most  commonly  employed  as  food  preservatives  are  the  bisul- 
phites of  sodium  and  calcium,  NaHSO,  and  Ca(HS03)2.  Others  used 
to  some  extent  are  the  normal  sodium  sulphite,  and  also  potassium  and 
ammonium  sulphite.  The  sulphites  are  usually  commercially  prepared 
by  passing  sulphurous  acid  gas  through  strong  solutions  of  the  carbon- 
ates. Acid  sulj)hites  are  formed  by  an  excess  of  the  sulphurous  acid 
in  the  solution  of  the  sulphite.  The  acid  sulphites  are  distinguishable 
from  the  sulphites  by  their  reaction  with  litmus  paper,  the  former  being 
acid,  while  the  latter  are  neutral  or  feeblv  alkaline.  All  of  these  salts 
have  a  bitter,  salty,  and  highly  sul])hurous  taste,  and  ])ossc'ss  a  veiT  ])un- 
gent,  irritating  odor.  With  the  exception  of  normal  calcium  sulphite, 
all  of  the  above  arc  readily  >()lu])le  in  water. 

The  Mdj)hiles  are  mo-t  commonly  used  as  preservatives  of  fruit  juices, 
ketthu])S,  fruit  and  vegetable  pulps,  and  meat  ])r()d;M;ts.  Thev  are  fre- 
cjuently  nu'xed  with  other  antisei)tics,  as  with  the  salts  of  salic\lic  and 
benzoic  acid>. 

Detection  of  Sulphurous  Acid. — Mix  100  or  200  grams  of  the  sample 
(tinely  macerated  in  a  mortar  if  necessar\-)  with  enough  water  to  form  a 
thin  solution  or  j)aste.  Acidify  with  phosphoric  acid,  transfer  to  u  llask, 
and  subject  to  distillation.     The  dcliver}'-tube  from  the  condenser  should 

♦  Bui.  Soc.  Chim.,  1890.  3,  414;    U.  S.  Dcpt.  of  Agric,  Bur.  of  Chem.,  Bui.  65,  p.  109. 
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preferably  dip  below  the  surface  of  a  few  cubic  centimeters  ot  water  in 
the  receiver.  Distill  off  20  or  30  cc,  treat  the  distillate  with  a  few  drops 
of  bromine  water,  and  boil.  Then  add  a  little  barium  chloride  reagent. 
A  precipitate  indicates  sulphurous  acid. 

Detennination  of  Sulphurous  Acid.* — ^To  25  grams  of  the  sample, 
finely  divided  in  water,  if  solid  or  semi-solid,  add  25  cc.  of  a  normal 
solution  of  potassium  hydroxide  in  a  200-cc.  flask.  Shake  thoroughly, 
and  set  aside  for  at  least  fifteen  minutes  with  occasional  shaking.  10  cc. 
of  sulphuric  acid  (i :  3)  are  then  added  with  a  little  starch  solution,  and 
the  mixture  is  titrated  with  N/so  iodine  solution,  introducing  the  iodine 
solution  quite  rapidly,  and  adding  it  till  a  distinct  lixed  blue  color  is 
produced,  i  cc.  of  the  iodine  solution  is  the  equivalent  of  0.00064 
gram  SO,. 

FLUORIDES,  FLUOSILICATES,    AND   FLUOBORATES. 

These  substances  all  possess  strong  antiseptic  qualities,  and  whQe  no 
instances  are  recorded  of  the  useof  the  last  two  classes  of  compounds  in 
this  country,  the  use  of  fluorides  as  a  preservative  of  beer  is  practiced 
to  some  extent.  The  salt  most  commonly  used  is  ammonium  fluoride 
(NH,F),  preparations  of  this  salt  being  sold  commercially  under  various 
trade  names  as  beer  preservatives.  Ammonium  fluoride  exists  as  small, 
deliquescent,  hexagonal,  flat  crystals.  Its  taste  is  strongly  saline.  It 
is  soluble  in  water,  and  slightly  soluble  in  alcohol.  Sodium  fluoride 
(NaF)  occurs  as  clear,  lustrous  crystak,  soluble  in  water. 

Detection  of  Fluorides. t — One  hundred  grams  or  so  of  the  beer  or 
other  solution  to  be  tested  are  made  alkaline  with  ammonium  carbonate 
and  heated  to  boiling.     The  fluorine  is  then  precipitated  by  the  add!- 
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be  found  etched  upon  the  glass.  Small  amounts  of  silica  impair  the 
delicacy  of  the  test. 

Detection  of  Fluoborates  and  Fluosilicates.'*^ — ^Two  hundred  cc.  of 
the  wine  or  other  sample  are  made  alkaline  with  lime  water,  evaporated 
to  dryness,  and  ignited.  The  crude  ash  is  first  extracted  with  water 
acidified  with  acetic  acid,  and  the  solution  filtered.  The  insoluble  residue 
is  again  ignited  and  extracted  with  dilute  acetic  acid,  which  is  filtered  off 
and  added  to  the  first  extract.  The  filtrate  contains  the  boric  acid,  if 
present,  and  this  is  tested  for  as  directed  on  page  669.  Calcium  silicate 
or  fluoride,  if  present,  is  in  the  insoluble  portion. 

Incinerate  the  filter  with  the  insoluble  portion,  transfer  the  ash  to  a 
test-tube,  mix  with  some  silica,  and  add  a  little  concentrated  sulphuric 
acid.  A  small  U-tube  should  be  attached  to  the  test-tube,  containing 
a  ver\'  little  water.  The  test-tube  is  immersed  for  half  an  hour  in  a 
beaker  of  water  kept  hot  on  a  steam-bath.  In  the  presence  of  fluoride, 
silicon  lluoride  will  be  generated,  and  will  be  decomposerl  by  the  water, 
forming  a  gelatinous  deposit  on  the  walls  of  the  tube. 

If  both  boric  and  hydrofluoric  acids  are  found,  the  compound  present 
is  undoubtedly  a  borofluoride.  If  no  boric  acid  is  found,  but  silicon 
fluoride  is  detected,  repeat  the  operation,  but  without  the  added  silica. 
If  the  silicon  skeleton  is  then  formed,  fluosilicate  is  probably  present. 

BETA-NAPHTHOL. 

Beta-naphthol  (C10H7OH)  is  a  phenol,  occurring  naturally  in  coal- 
tar,  but  the  commercial  ])roduct  is  more  commonly  prei)ared  artificially 
from  naphthalene  by  digesting  the  latter  with  sulphuric  acid,  and  fusing 
the  product  with  alkali.  It  is  a  colorless,  or  pale  bulT-colored  ])owder, 
with  a  faint  phenolic  odor  and  a  sharp  taste.  It  is  slightly  soluble  in  water, 
and  readily  soluble  in  alcohol,  elher,  and  chloroform.  Its  melting-point 
is  122°  C.     In  alcoholic  M)luti()n  it  is  neutral  to  litmus. 

It  is  used  to  some  extent  in  alcoholic  solution  as  a  i)reservative  of 
cider. 

Detection  of  Beta-Naphthol. — Buhe  f  states  that  if  an  ethereal  extract 
of  beta-naphthol  is  evaporated  to  dryness,  and  the  residue  dissolved  in 
hot  water  made  first  faintly  alkaline  with  ammonia,  and  then  faintly  acid 
with  ver)^  dilute  nitric  acid,  a  beautiful  rose  color  will  be  developed  on 
the  addition  of  a  drop  of  fuming  nitric  acid  or  of  a  nitrite.     He  declares 

*  U.  S.  Dept.  of  Agric,  Bur.  of  Chem.,  Bui.  59,  p.  63. 
t  Analyst,  13  (1888),  p.  52. 
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the  test  to  be  a  delicate  one,  but  it  is  apparently  sometimes  obscured  by 
interfering  SMbstances,  which  the  ether  may  dissolve.  It  should  also  be 
carried  out  in  a  faint  light,  as  strong  sunlight  aSects  the  color. 

Ferric  chloride,  when  applied  to  an  aqueous  solution  of  beta-naph- 
thol,  produces  a  greenish  coloration. 

Shake  about  50  grams  of  the  sample  to  be  tested  with  chloroform  in 
a  separatory  funnel,  evaporate  the  chloroform  extract  to  a  small  volume 
(say  I  or  2  cc),  transfer  to  a  test-tube,  add  5  cc.  of  an  aqueous  solution 
of  potassium  hydroxide  (1:4),  and  warm  gently.  If  beta-naphthol  is 
present,  a  deep-blue  color  will  appear  in  the  aqueous  layer,  turning  through 
green  to  light  brown. 

ASAPKOL,  OR  ABRASTOL. 

These  are  trade  names  for  calcium  a-mono-sulphonate  of  beta- 
naphthol,  Ca{C,i,HeS030H),,  a  white,  odorless,  scaly  powder,  sometimes 
slightly  reddish,  obtained  by  the  action  of  heated  sulphuric  acid  on  beta- 
naf)l)lhol,  the  resulting  compound  being  afterwards  treated  with  a  cakiu  n 
salt.  Il  is  readily  soluble  in  water  and  alcohol,  and  is  neutral  in  reaction, 
lis  taste  is  at  first  slightly  bitter,  but  rapidly  changes  to  sweet.  Ii  decom- 
IHJSis  at  about  50°  C. 

The  writer  is  vnaware  of  any  instance  of  the  presence  of  this  substance 
in  foods,  but  its  character  is  such  as  to  adapt  it  for  use  as  a  preservative 
of  wines  and  possibly  other  food  products.  It  has  long  been  regarded 
as  a  |>ossible  prcser\-ative,  and  the  analj-st  should  bo  prepared  to 
cncoiintcr  it  at  any  lime. 

Detection  of    Asaprol. — Sinabaidi's   Mdhod* — The    portion   of    the 
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green  precipitate  appears,  add  5  cc.  of  alcohol,  dissolve  in  sulphtuic 
acid,  shake,  and  filter.  If  abrastrol  be  present  to  the  extent  of  0.01  gram 
or  more,  a  red  coloration  is  observed,  while  in  its  absence,  the  filtrate 
is  colorless  or  faintly  yellow. 

If  the  solution  to  be  tested  is  a  fat,  it  should  be  melted  and  extracted 
with  hot  20%  alcohol,  which  is  evaporated  to  dryness,  and  the  above  test 
carried  out  on  the  Ary  residue. 
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CHAPTER  XVm. 
ARTIFICIAL  SWEETENERS. 

"Under  this  head  are  included  the  intensely  sweet  coal-tar  derivatix-es, 
such  as  saccharin,  dulcin,  and  glucin,  that  possess  no  food  value  whatever 
in  themselves.  From  their  high  sweetening  power,  in  some  cases  several 
hundred  limes  that  of  cane  sugar,  they  are  capable,  when  used  in  minute 
quantity,  of  imparting  an  appropriate  degree  of  sweetness  to  food  products, 
which,  on  account  of  the  use  of  inferior  materials,  or  by  reason  of  the 
presence  of  inert  or  less  sweet  adulterants,  would  othenvisc  be  lackii^ 
in  this  property. 

Such  canned  vegetables  as  sweet  com  and  peas  are  subject  to  treat- 
rr.cnt  with  saccharin,  especially  if  by  their  age  and  condition  before  can- 
ning they  are  v.'anling  in  the  sweet,  succulent  taste  inherent  in  the  fresh 
product. 

The  sweetening  power  of  commercial  glucose  is  considerably  less 
than  that  of  cane  sugar,  so  that  when  large  admixtures  of  the  glucose  are 
used  in  such  products  as  jellies,  jams,  honey,  molasses,  maple  syrup, 
etc.,  to  the  exclusion  of  cane  sugar,  the  presence  of  the  glucose  might  in 
some  cases  be  suggested  by  the  bland  taste  of  the  food,  unless  rcinforce<l 
by  one  of  the  artificial  swfctenc-r^. 
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piire,  is  about  224°  C.  It  is  prepared  from  toluene,  which  by  treatment 
with  concentrated  sulphuric  acid  is  first  converted  into  a  mixture  of 
ortho-  and  para-tolu3ne  sulphonic  acids.  These  are  further  converted  into 
corresponding  chlorides,  and  from  the  orthochloride,  by  treatment  with 
ammonia,  the  imide  is  formed.  It  is  soluble  in  230  parts  of  cold  water, 
30  parts  of  alcohol,  and  3  parts  of  ether.  It  is  sparingly  soluble  in  chloro- 
form, but  readily  soluble  in  dilute  ammonia.  It  is  from  300  to  500  times  as 
sweet  as  cane  sugar,  and,  unlike  cane  sugar,  it  is  not,  when  pure,  charred 
by  the  action  of  concentrated  sulphuric  acid  even  on  heating.  Its  aque- 
ous solution  is  distinctly  acid  in  reaction.  Pure  saccharin,  when  heated 
under  diminished  pressure,  can  be  sublimed  without  dec():n;)osition. 

The  addition  of  1  i)art  of  saccharin  to  1,000  parts  of  commercial 
glucose  renders  the  latter  as  sweet  as  cane  sugar. 

A  sodiu'n  salt  of  saccharin  is  found  on  the  market,  prepared  by  neutral- 
izing a  solution  of  saccharin  with  sodium  hydroxide  or  carbonate.  The 
sodium  salt  cr\'stallizes  in  the  form  of  rhombic  plates,  forming  a  white 
powder  readily  soluble  in  water,  and  possessing  nearly  the  same  sweeten- 
ing power  as  saccharin.  It  is  sometimes  put  up  in  the  form  of  tablets 
for  the  use  of  diabetic  patients  as  a  substitute  for  sugar. 

Saccharin,  aside  from  its  sweet  taste  possesses,  according  to  Fahlberg 
and  List,*  antiseptic  properties,  and  on  this  account  it  is  sometimes  used 
in  beer  and  other  liquors.  Squibb  states  that  saccharin  has  about  the 
same  power  as  boric  acid  as  an  antiferment 

Detection  of  Saccharin  in  Foods. — ^If  the  samj)lc  to  be  tested  is  a  solu- 
tion or  syruj),  render  it  acid,  if  not  already  such,  with  phosphoric  acid, 
and  extract  with  ether.  In  case  of  canned  vegetables  and  similar  goods, 
finely  divide  the  material  by  pulping  or  maceraticm  in  a  mortar,  dilute 
with  water,  and  strain  through  muslin.  Acidify  the  filtrate,  and  extract 
with  ether.f  If  an  emulsion  forms,  use  a  centrifugal  machine  (j).  23). 
Se})arate  the  extract,  evaporate  oil  the  ether,  and  test  the  resiflue  for 
saccharin  a^  f()llow>: 

(ij  Add  to  the  re>idue,  if  it  tastes  sweet,  a  few  cubic  centimeter^  of 
hot  water,  or  i)ri'ferablv  a  verv  dilute  solution  of  sodium  car])onate,  in 
which  saccliarin  i-^  more  >()lui)lc.  An  inten.-elv  sweet  taste  i>  indicative 
of  its  i)re.M-nrr.  I'hi-  test,  if  applied  directly,  will  sometimes  fail,  espe- 
ciallv  in  tlic  (a>e  of  beer,  })v  reason  of  the  extraction  bv  the  ether  of  various 


*  Jour.  Sim-.  Clurn.  Ind.,  I\',  p.  608. 

t  Allen  slalt'S  that  a  purer  residue  is  obtained  if  the  sample  of  beer  be  treated  with  lea4 
acetate,  anri  liltered  Ik,* fore  extraction  with  ether. 
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bitter  principles,  such  as  hop  resins,  which  by  their  strong,  bitter  taste 
mask  the  sweet  taste  of  saccharin  in  the  residue.  Spaeth  *  recommends 
that  such  bitter  substances  be  removed  before  extraction,  which  is  done 
by  treatment  of  500  cc.  of  the  beer  with  a  few  crystals  of  copper  nitrate, 
or  with  a  solution  of  copper  sulphate.  The  flocculcnt  precipitate  formed 
need  not  be  filtered  off,  but  the  liquid  is  preferably  concentrated  by  evap- 
oration to  syrupy  consistency,  acidified  with  phosphoric  acid,  and  ex- 
tracted with  three  successive  portions  of  a  mixture  of  ether  and  petro- 
leum ether.  After  extraction,  separation,  and  evaporation  of  the  solvent, 
dissolve  the  residue  in  weak  sodium  carbonate.  .\s  small  a  quantity 
as  0.001%  of  saccharin  can  be  detected  in  the  final  alkaline  solution  by 
its  sweet  taste. 

(2)  Bomslein's  Test.f — Heat  the  residue  from  the  ether  extraction 
of  the  acidified  sample  with  rcsorcin  and  a  few  drops  of  sulphuric  aci  i 
in  a  test-tube  till  it  begins  to  swell  up.  Remove  from  the  flame,  an', 
after  cooling  till  the  action  quiets  down,  again  heat,  repeating  the  heating 
and  cooling  several  times.  Finally  cool,  dilute  with  water,  and  neutralize 
with  sodium  hydroxide.  A  red-green  fluorescence  indicates  saccharin. 
Gantter  t  states  that  it  is  useless  to  apply  this  test  to  beer,  in  view  of  the 
fact  that  ordinary  hop  resin  gives  the  same  fluorescence. 

(3}  Schmidt's  Test.^ — ^The  residue  is  heated  in  a  porcelain  dish  with 
about  a  gram  of  sodium  hydroxide  |]  for  half  an  hour  at  a  temperature 
of  250°  C,  cither  in  an  air-oven  or  in  a  linseed  oil  bath.  This  converts 
the  saccharin  if  present  into  sodium  salicylate.  Dissolve  the  fused  mass 
in  water,  acidify,  and  extract  the  solution  with  ether.  Test  the  ether 
residue  in  the  regukir  manner  for  salicylic  acid  with  ferric  chloride 
(p.  672).      This  test   can  obviously  be  applied  only  in  the  absence  of 
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this  principle  depends  the  following  method  of  Reischauer:*  A  known 
quantity  of  the  beer  or  other  liquid  to  be  tested  is  concentrated  by  evapo- 
ration to  about  one-third  its  original  volume,  acidified  with  phosphoric 
acid,  and  extracted  by  repeated  portions  of  ether.  The  combined  ether 
extract  is  evaporated  to  small  volume,  and  transferred  to  a  platinum 
cnicible,  in  which  it  is  further  brought  to  dryness.  Il  is  then  cautiously 
ignited  with  a  mixture  of  about  6  parts  sodium  carbonate  and  i  part  potas- 
sium nitrate.  Dissolve  the  fusion  in  water,  acidulate  with  hydrochloric 
acid,  and  determine  the  sul])huric  acid  in  the  usual  manner  with  barium 
chloride.  The  weight  of  the  precipitated  barium  sulj)hate,  multiplied 
by  0.785,  gives  the  weight  of  saccharin.  In  view  of  the  fact  that  only 
small  c[uantities  of  saccharin  are  used  in  beer  and  other  foods,  it  is  best 
to  em[)loy  a  large  portion  of  the  sample  for  analysis. 

DULCIN. 

Dulcin  or  sucrol,  para-phenetol  carbamide  (CjHgO.CgH^.NH.CO.NHj) 
is  a  white  powder,  composed  of  needle-like  crystals,  sparingly  soluble 
in  cold  water,  ether,  petroleum  ether,  and  chloroform.  It  dissolves  in 
800  parts  of  cold  water,  50  parts  of  boiling  water,  and  25  parts  of  95% 
alcohol.  It  is  readily  soluble  in  acetic  ether.  Its  melting-point  is  about 
173®  C.  It  is  not  readily  sublimed  without  decomposition.  Dulcin  is 
about  four  hundred  times  sweeter  than  cane  sugar. 

When  a  mixture  of  dulcin  and  dilute  sodium  hydroxide  is  subjected  to 
distillation,  phenetidin  goes  over  with  the  steam  into  the  distillate.  When 
this  is  heated  with  glacial  acetic  acid,  phenacetin  is  formed,  which  may 
be  tested  for  as  follows:  Boil  with  hydrochloric  acid,  dilute  with  water, 
cool,  filter  if  turbid,  and  add  a  few  drops  of  a  solution  of  chromic  acid. 
A  deep-red  color  indicates  phenacetin. 

Detection  of  Dulcin  in  Foods. — ^In  view  of  the  comparatively  slight 
solubility  of  dulcin  in  ether  and  chloroform,  acetic  ether  is  the  best  solvent 
for  })urposes  of  removing  it  fro  n  foods,  first  making  i.  alkaline. 

(i)  BcUicrs  M('lli()(L'\  -A  portion  of  the  sample  to  be  tested  is  made 
alkaline  and  extracted  with  acetic  ether.  In  the  case  of  certain  ])roducth 
it  is  best  to  subject  them  to  varied  preliminar)'  treatment,  depending  on 
the  case  in  hand.  With  such  products  as  thin  fruit  syrups,  simply  make 
alkaline  and  shake  out  with  acetic  ether.  In  the  case  of  thick  fruit  syrups, 
confectionery,  and  preserves,  dilute  vnih  water,  add  an  excess  of  basic 

*  Abst.  Analyst,  11,  p.  234. 

t  Ann.  dc  Chim.  Anal.,  1900,  V,  pp.  333-337;  Abs.  Analyst,  26,  p.  43. 
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lead  acetate,  remove  the  lead  by  precipitation  with  sodium  sulphate, 
ater,  and  make  the  filtrate  alkaline. 

With  wines,  add  a  grams  of  mercuric  acetate  and  a  slight  excess  of 
ammonia,  shake,  and  filter. 

With  beer,  add  to  200  cc.  2  or  3  grams  of  powdered  sodium  phospho- 
tungstate,  and  a  few  drops  of  sulphuric  acid,  shake,  allow  to  stand  for  a 
few  minutes,  and  filter.    Make  the  filtrate  alkaline  with  ammonia. 

Having  thus  obtained  a  clarified  solution,  use  from  50  to  200  cc.  of 
neutral  acetic  ether  to  say  500  cc.  of  the  alkaline  solution,  and  shake 
in  a  separatory  funnel.  Separate  the  extract,  filter,  and  evaporate  to 
dryness.  If  the  dulcin  exceeds  0.04  gram  per  liter,  crj-stals  will  be  appar- 
ent in  the  residue.  If  fats  and  resins  arc  present  in  the  residue,  make 
repeated  extractions  with  hot  water,  and  evaporate  to  dryness.  The 
purified  residue  is  finally  brought  to  dtyness  in  a  porcelain  dish,  and 
treated  with  i  or  2  cc.  of  sulphuric  acid  and  a  few  drop.s  of  a  solution 
of  formaldehyde.  Let  it  stand  for  fifteen  minutes,  and  aflenranls  dilute 
with  5  cc.  of  water.     .\  turbidity  or  precipitate  indicates  dulcin. 

(2)  Jorisscn's  Test.* — The  residue  from  the  acetic  ether  extract  of 
an  alkaline  solution  of  the  sample  is  treated  with  2  or  3  cc.  of  boilini; 
water  in  a  Icst-tube,  and  a  few  drops  of  mercuric  nitrate  f  are  addi'.'. 
Heat  the  tube  and  ils  contents  for  five  minutes  in  a  boiling  water-bath, 
withdraw,  and  disregarding  any  precipitate,  add  a  small  quantity  of  lead 
peroxide.  On  the  subsidence  of  the  precipitate,  which  (juickl)'  occurs, 
a  fine  violet  color  appears  for  a  short  time  in  the  clear  U[>per  layer  in 
presence  of  0.001  gram  of  dulcin, 

(3)  Morpurgo's  Melhod.% — To  ihe  acetic  ether  residue,  evaporated  to 
dryness  in  a  porcelain  dish,  add  a  few  drops  of  phenol  and  atnccntraied 
sulphuric  acid,  and  heat  a  ffw  minutes  on  the  walt.T-bath.     After  cucilin; 
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evaporation,  and  make  up  to  the  original  volume  with  water.  Treat 
the  various  food  preparations  with  the  appropriate  clarifying  reagents, 
as  in  Bellier's  qualitative  test  (p.  685),  and,  after  filtering  and  making 
alkaline,  extract  twice  with  50  cc.  each  of  acetic  ether.  The  residue 
is  purified  if  necessary  by  extraction  with  hot  water  as  above  described, 
and  the  final  residue  is  dissolved  in  i  to  5  cc.  of  concentrated  sulphuric 
acid.  A  few  drops  of  formaldehyde  are  added.  The  solution  is  allowed 
lo  stand  for  fifteen  minutes,  and  then  diluted  to  ten  times  its  volume 
with  distilled  water.  After  twenty-four  hours,  collect  the  precipitate  on  a 
tared  filter,  wash  with  water,  dry,  and  weigh. 

GLUCIN. 

This  comparatively  new  sweetening  agent  is  the  sodium  salt  of  a 
mixture  of  the  mono-  and  di-sulphonic  acids  of  a  substance  having  the 
composition  CiJinjN^.  In  the  market  it  appears  as  a  light-brown  })ow(ler, 
readilv  soluble  in  water.  It  is  insoluble  in  ether  and  chloroform.  It 
decomposes  without  melting  at  about  250°  C.  It  is  three  hundred  times 
sweeter  than  cane  sugar. 

A  color  reaction  with  glucin  is  obtained  by  dissolving  it  in  dilute 
hydrochloric  acid,  cooling  by  immersing  the  test-tube  in  water,  and  to 
the  cold  solution  adding  a  little  sodium  nitrite  solution.  Finally,  to  the 
liquid  is  added  a  few  drops  of  an  alkaline  solution  of  beta-naphthol,  and 
a  red  coloration  is  produced.  With  resorcin  or  salicylic  acid  in  alkaline 
solution,  the  color  will  be  yellow. 
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CHAPTER  XTX. 

CANNED    AND    BOTTLED    VEGETABLES,   RELISHES,  AND    FRUIT 

PRODUCTS. 

CANNED  \T.OKTABLES    AND   FRriTS. 

Strictly  spcakinpj  all  varieties  of  canned  foods  found  in  the  market, 
whether  meats,  fruits,  or  vegetables,  in  order  to  be  entirely  beyond  criii- 
cism,  should  not  differ  from  the  corresponding  freshly  cooked  varieties 
which  they  are  intended  to  replace,  excepting  that  they  are  free  from 
bacteria.  Such  a  degree  of  perfection  is,  however,  difBcuh,  even  if  pos- 
sible, to  attain,  and  nearly  all  commercial  canned  products,  even  if  made 
from  the  best  materials,  are  liable  to  contain  either  antiseptic  substances 
or  coloring-matter  intentionally  added  by  the  manufacturer,  or  metallic 
impurities  accidentally  derived  from  the  vessels  in  which  they  are  pre- 
pared, or  from  the  containers  in  which  they  are  sealed.  In  spite  of  these 
objections,  canned  foods  form  a  convenient,  and  in  some  cases  indispensa- 
ble means  of  furnishing  both  necessities  and  luxuries  for  the  table.  The 
canning  of  foods  is  especially  useful  for  presenting  them  during  long 
jKTiods  of  time,  for  enabling  certain  fruits  and  vegetables  to  be  enjoyed 
out  of  season,  and  f(^r  furnishing  supplies  in  a  convenient  manner  to  inac- 
cessible ])laces  where  fresh  foods  are  not  readily  obtainable,  as  in  the 
case  of  armies  in  the  field,  of  vessels  at  sea,  of  campers  in  the  wood^,  etc. 
Canned  goods  in  great  ^'ariety  are  used  in  nearly  every  household. 

When  it  ir  considered  that  in  the  United  States  alone  something  like 

one  hundred  million  cans  of  corn  are  packed  in  a  single  year,  about  ihc 

same  quantity  of  ]H'as,  and  one  hundred  and  fifty  million  cans  of  tomatoes, 

to  say  nothing  of  an  ever-increasing  variety  of  other  foods,  some  idea  may 

be  gained  of  the  en(.)rmous  proportions  to  which  the  canning  industry 

has  grown.     It  is  comforting  to  know  that,  in  view  of  their  wide-spread 

consumption,  the  greater  portion  of  such  foods  found  on  the  market  are 
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'  comparatively  harmless,  as  is  evidenced  by  the  fact  that  few  cases  of  injury 
to  health  have  been  directly  traceable  to  their  use- 
Method  of  Caoaing  Food. — Various  modifications  as  to  delaib  exist 
with  different  products  and  in  different  localities,  but  in  general  the  prin- 
ciple of  canning  in  tin  is  the  same  in  all  cases.  The  fresh  product  is 
cleaned  carefully,  and  packed  in  cans  with  the  requisite  amount  of  water. 
The  cans  are  then  sealed,  and  subjected  to  the  effect  of  steam  or  boiling 
water  till  the  contents  are  thoroughly  cooked.  Each  can  is  then  tapped 
or  punctured  at  one  end  to  expel  the  ak,  and  again  heated,  after  which 
the  hole  is  closed  by  a  Imnp  of  solder,  thus  forming  a  vacuum  in  the  can, 
which  is  afterwards  heated  for  a  sufficient  time  to  destroy  the  bacteria, 
usually  for  several  hours. 

The  above  mode  of  procedure  is  the  time-honored  one,  and  is  still  in 
vogue  in  most  localities,  but  a  more  modem  method,  much  in  use  at  pa'seni, 
consists  in  first  cooking  the  food  at  a  temperature  of  82°  to  88°  C.  before 
transferring  to  the  cans,  and  afterwards  subjecting  the  cans  when  staled 
to  a  high  heat  of  about  125°  C.  in  dry  air  in  so-called  retorts,  this  heating 
or  "processing,"  as  it  is  termed,  being  carried  on  for  a  suiEcicnt  lengih 
of  time  to  completely  sterilize  the  contents  of  the  can.  Obviously  a  much 
shorter  time  is  required  for  this  than  when  the  lem[)erature  of  boiling 
water  is  employed,  and  the  sterilization  is  much  more  effective. 

Cooked  vegetables  and  fruit  products  put  up  in  glass  jars  or  bottles 
are  tighlly  sealed  when  hot,  eiiher  wilh  screw-caps  or  with  some  form  of 
cover  held  by  a  clamp,  or  with  metal  or  hard-rubber  caps  fitting  over  a 
flanged  mouth.  Fa'qucnlly  a  soft-rubber  ring  is  inserted  between  the 
a)\er  and  the  mouth  of  the  jar  or  bottle.  The  material  of  the  cover  is 
generally  either  glass,  porcelain,  or  metal.     Cork  stop]KTs  are,  Iiowevcr, 
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tile  ends  of  the  can  axe  usualfy  concave.  The  hjg^ieat  aim  of  the  canner 
should  be  to  zetain  in  his  pioduct  as  far  as  possible  the  appearance,  pah^ 
tability,  and  nutritive  value  of  the  freshly  cooked  food. 

PROXIMATE  COMPOSITION  OF  CANNED  VEGETABLES  AND  FRUITS.* 
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*  U.  S.  Dept.  of  Affric.,  Bsp.  Sta.  BuL  aS,  p.  70. 

Methods  of  Proximate  Analysis. — As  a  rule,  the  contents  of  canned 
goods  arc  intended  to  be  entirely  edible  throughout,  and  contain  little 
or  no  refuse  or  portions  to  be  rejected.  An  exception  to  this  is  the  occa- 
sional canning  of  certain  fruits  with  stones  or  pits,  which  are,  of  course, 
to  be  removed.  The  can  or  package  is  first  weighed  before  opening,  and 
later  the  cleaned  receptacle  is  weighed  after  its  contents  have  been  removed. 
The  weight  of  the  contents  is  thus  ascertained  by  difference. 

For  the  analytical  determinations,  the  contents  of  the  can  or  bottle 
are  intimately  mixed  to  form  a  homogeneous  pulp,  so  that  parts  taken 
for  analysis  are  fairly  representative  of  tlie  whole.  If  considerable  liquid 
is  present,  with  some  solid  masses  held  in  suspension  therein,  the  liquid 
is  best  drained  off,  and  the  sdid  portions  pulped  separately  in  any  con- 
venient manner,  as  by  the  use  of  a  mortar,  or  by  means  of  a  household 


<>9a  FOOD  INSPECTION  AND  ANALYSIS. 

food-chopper.  The  whole  is  then  thoroughly  mingled  together.  If 
desired,  the  weight  of  the  liquid  and  solid  portions  may  be  separately 
ascertained  before  mixing. 

The  analyst  should  use  judgment  and  discrimination  as  to  how 
\'arious  portions  of  the  mass  arc  to  be  best  measured  out  for  the  deter- 
minations. Much  depends  on  the  consistency  of  the  pulpy  mass.  It 
is  often  convenient  to  make  a  20%  solution  or  mixture  of  the  material 
with  water,  using  say  50  grams  of  the  pulped  sample  in  250  cc.  of  water, 
such  of  the  sample  as  is  insoluble  being  disintegrated  by  shaking. 

Methods  for  determining  water,  ether  extract,  crude  fiber,  protein, 
and  ash  do  not  differ  materially  from  those  employed  in  the  case  of  cor- 
responding fresh  fruits  and  vegetables. 

These  determinations,  in  the  case  of  canned  products,  while  useful 
in  showing  their  food  value,  give  little  information  as  to  their  adulteration 
by  the  substitution  of  foreign  vegetable  or  fruit  pulp. 

ACCIDEITTAL  IMPURITIES.— Under  this  head  are  included  (i)  products 
of  decomposition,  due  to  the  incomplete  sterilization  of  the  contents  of 
the  can,  and  (2}  metallic  salts  due  to  the  solvent  action  of  the  juices  of  the 
contents  on  the  inner  suriacc  of  the  can,  or  of  the  vessel  in  which  the 
product  has  been  previously  cooked- 

Decomposition,  and  the  Detection  of  Spoiled  Cans. — In  the  case  of 
canned  vegetable  products,  decomposition  rarely  results  in  the  formation 
of  ptomaines  even  after  the  can  has  long  been  open,  though  these  toxins 
arc  sometimes  formed,  in  canned  meat  and  fish.  Decomposition  is  readily 
apparent  after  opening  a  can,  from  a  cursor)'  examination  of  its  contents. 
The  appearance,  taste,  and  odor  will  not  fail  to  indicate  the  unfilnc.is 
of  the  contents  for  food,  if  decomposition  is  at  all  advanced.    It  is,  how- 
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of  the  cans  is  tested  by  sounding  or  striking  the  cans.  If  the  contents 
are  sweet,  a  peculiar  note  is  produced  when  the  can  is  struck,  readily 
distinguishable  from  the  dull  tone  of  the  unsound  can  by  any  one  familiar 
with  the  work. 

As  stated  above,  concavity  in  the  ends  of  the  can  indicates  that  the 
contents  are  in  goo<:i  condition. 

Prescott  and  Un(i'.Twoo<l  further  state  that  sound  cans  may  be  dis- 
tinguished from  unsound  in  a  lot  of  suspicious  goods,  when  the  swelling 
of  the  ends  is  not  apparent,  by  the  following  method: 

Boil  the  cans  for  an  hour,  causing  the  ends  of  all  to  swell,  then  cool, 
and  set  aside  for  eiglit  hours,  during  which  the  sound  cans  will  snap  back, 
while  the  unsound  will  continue  convex,  by  reason  of  the  fact  that  the 
swelling  in  this  ca^c  is  due  io  the  generation  of  gas  by  the  bacteria 
present . 

Examination  of  Gases  from  Spoiled  Cans.— When  the  lops  of  blown 
cans  arc  punctured  in  the  ]jrocess  of  opening,  an  outflow  of  gas  Is  usually 
to  be  noted.    Doremus  *  has  studied  the  character  of  these  gases  and 


Flo.  : 


-A,.|..-ir 


kcdng  Gases  from  Spoili^d  Cans.     (Atler  Doremus.) 


found  that  when  the  contents  liave  become  putrid,  carbon  dioxide  and 

hydrogen   are  the  chief  gases  to  be  found.      Often  60  to  80  cc.  of  gas 

may  be  collected  from  a  can.     For  the  collection  of  the  gases,  Doremus 

•  Jour.  Am.  Chem.  Soc,  19,  1897,  p.  733. 
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uses  the  device  shown  in  Fig.  ii8.  An  adjustable  damp  has  attached 
to  its  upper  arm  a  beveled,  hollow,  steel  needle.  A  perforated  rubber 
stopper  covers  the  needle  and  serves  as  a  cushion.  A  fine  tube 
connects  the  needle  with  the  receiver  of  a  eudiometer,  both  tube  and 
receiver  being  filled  with  water  or  mercury.  Either  the  stop-cock  form 
of  eudiometer,  as  here  shown,  or  the  kind  with  attached  levcling-tube 
may  be  used.  The  can  is  adjusted  between  the  arms  of  the  clamp, 
and  by  turning  the  screw  the  needle  is  brought  into  contact  with  the 
top  of  the  can  and  caused  to  puncture  it,  the  rubber  stopper  serving 
to  make  a  gas-tight  joint.  The  gas  passes  through  the  tube  into  the 
eudiometer,  and  its  constituents  are  determined  in  the  usiial  manner, 
either  by  introducing  the  reagents  directly  into  the  eudiometer-tube  in 
the  proper  order,  or  by  transferring  the  gases  to  pipettes.*  Hydrogen 
sulphide  is  tested  for  by  subjecting  a  filter-paper  moistened  with  lead 
acetate  solution  to  the  gas.  If  it  turns  black,  the  presence  of  hydn^cn 
sulphide  is  indicated. 

METALLIC  rMPUBITIES, 

Salts  of  Lead  and  Tin  arc  commonly  met  with  in  varyii^  amounts 
in  nearly  all  classes  of  products  put  up  in  tin.  The  quantity  dissolved 
depends  largely  on  the  character  of  the  tin  plate  used  in  the  manufacture 
of  the  can,  as  well  as  on  how  the  solder  is  applied.  Much  depends 
also  on  the  nature  of  the  food  product  and  its  acidity.  Formerly 
much  danger  was  apprehended  from  the  use  of  the  so-called  teme  plate 
as  a  material  for  cans.  This  consists  of  an  alloy  of  lead  and  tin, 
coated  on  iron  plate  and  intended  for  use  as  roofing.  Sometimes  two 
parts  of  lead  to  one  part  of  tin  are  found  in  teme  plate.     Only  the  better 
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in  which  the  contents  have  access  to  the  solder,  and  it  is  common 
10  find  lumps  of  solder  in  ihe  can  from  the  final  sealing  of  the  tapped 
hole  in  the  top.  The  amount  of  lead  in  24  samples  of  solder 
taken  from  the  interior  of  some  of  the  cans  mentioned  in  the  pre- 
ceding paragraph,  was  found  to  vary  between  the  limits  of  51  and  65 
percent.* 

Action  of  Fruits  and  Vegetables  on  Tin  Plate. — The  amount  of  tin 
dissolved  by  various  canned  fruits  and  vegetables  is  roughly  indicated  by 
the  corrosion  of  ihe  inner  surface  of  the  can.  A  large  variety  of  these 
canned  products  have  been  examined  in  the  laboratory  of  the  Massachu- 


If  of  Bluclitrry  Cans,  Cul  Open  I 
Fniit  Juice. 


ion  by   Acid  of  the 


setts  Stale  Board  of  Health,  with  a  view  to  determining  ihc  quantity  of 
tin  contained  in  solution.  The  results  have  shown  that  though  notable 
traces  of  tin  were  found  in  acid  fruits  and  rhubarb,  and  large  traces  in 
.'ome  green  vegetables,  canned  blueberries  were  found  to  contain,  as  a 
rule,  much  more  tin  in  solution  than  any  other  canned  goods  examined. 
It  is  a.ssumed  that  the  tin  was,  at  least  in  considerable  part,  still  held  in 
solution  by  the  fruit  acids,  inasmuch  as  the  metal  was  found  in  the  filtered 
juice.  In  every  instance  the  inner  tin  lining  was  found  lo  be  exten- 
sively corroded,  and  in  some  cases  it  had  been  almost  entirely  dis- 
solved off,  lea  Xing  the  underlying  iron  bare-  Fig.  119  shows  the  appear- 
•  But.  13,  p.  1038. 
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ance  of  one  of  these  cans,  split  open  to  show  its  inner  surfaces.  The 
corrosion  is  apparent.  Eleven  samples  of  canned  blueberries,  represent- 
ing seven  brands,  were  examined  in  1894  by  Worcester,  showing  an  amount 
of  tin  in  solution  (calculated  as  SnO,)  varying  from  0.066  to  0.27  gram 
per  can  of  615  cc,  capacity. 

In  1899  samples  of  various  canned  products  were  examined  for  lead 
and  tin  in  the  author's  laboratory,  the  results  of  which  are  thus  summar- 
ized:* 
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also  been  examined  by  the  Massachusetts  Board,  and  found  to  be  high 
in  tin.  The  highest  figures  showed  0.376  gram  (expressed  as  metallic 
tin)  in  a  half-pound  can.  In  these  cases  the  corrosion  of  the  interior 
of  the  cans  was  verj'  marked. 

Effect  of  Time  on  Amoimt  of  Tin  Dissolved. — A  series  of  experi- 
ments was  conducted  by  the  author  in  1899  *  on  the  action  of  various 
fruit  acids  on  tin,  with  a  view  to  ascertaining,  among  other  facts,  whether 
or  not  the  clement  of  time  exerts  an  appreciable  dillcrcnce  in  the  results. 

Samples  of  various  canned  fruits  and  vegetables  were  titrated  for 
their  acidity.  It  was  found  that  certain  samples  of  canned  blueberries, 
for  instance,  had  an  aciditv  of  about  one-twentieth  normal.  In  the  case 
of  strawberries,  the  acidity  was  about  one-sixth  normal.  Canned  ra^p- 
berries  were  found  to  be  about  one-tenth  normal  in  acidity,  while  the 
aciditv  of  canned  tomatoes  varied  from  one-tenth  to  one-fourteenth  normal. 
Solutions  of  one-fifth,  one-tenth,  and  one-fifteenth-normal  malic  acid, 
one-tenth  and  one-fifteenth-normal  tartaric  acid,  one-tenth  and  one- 
fifteenth-normal  citric  acid,  and  one-tenth-normal  acetic  acid  were 
prepared  and  sealed  in  pint  glass  jars,  having  about  the  same  capacity 
as  the  ordinary-sized  tin  fruit  cans,  each  jar  containing  an  amount  of 
tin  plate  equivalent  to  the  interior  exposed  surface  of  a  can.  Solutions 
thus  sealed  were  kept  for  three  months,  six  months,  and  a  year,  and 
examined  at  the  end  of  these  respective  periods  for  tin.  The  results 
showing  the  amount  of  tin  found  at  the  end  of  three  months  in  each 
case  are  given  in  the  following  list: 

ACTION  OF  FRU/.T  ACIDS  ON  TIN  IN  THREE  MONTHS. 


I    (Vraiiis  of  Tin    I-  I    (imti;-;  of  Tin 

A-i-1.  Ill  ( )ii«'  Pint  of    I  Arid.  in  Oiv  Pintof 

j       Solution.        I  I        S"lution. 


N/5     malic 0.0^78        .    N/ 1 5  tartaric o.c2.\() 

N/10      '•     0.0201  N/iO(itric 0.0^74 

.\    i;      "     o.ci(j7        I    N/15      "    '  o.cj^C) 

N/io  tart^iHc 0.0. ^Sj         '  N/io  act-tii- o.ooio 


It  was  found,  in  «^i'nt'ral,  that  the  amount  of  tin  dissolvccl  in  thn-e 
months,  as  inditatrd  al)()ve,  was  the  maximum  amount  dissolved,  or, 
in  other  words,  with  a  ver\'  few  exceptions  no  additional  tin  was  dissolved 

by  added  exposure  to  the  acid  for  six  months,  or  even  a  year.     The 

,  ^— ^^^ 

*  An.  Rep.  Mass.  State  Board  f  i  Health,  1899,  p.  624. 
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amount  of  tin  dissolved  was  found  to  vary  proportionally  with  the  strength 
of  acid,  as  would  naturally  be  expected. 

Experiments  with  tenth-normal  acetic  acid  (which  was  found  to  be 
the  approximate  acidity  of  the  canned  sardines  mentioned  on  page  697), 
sealed  in  jars  with  tin  plate,  as  in  the  case  of  the  fruit  acids,  and  kept 
for  three  and  six  months  respectively,  showed  that  in  three  months  0.0019 
gram,  and  in  six  months  o.bd&^  gram  of  metallic  tin  had  been  dissolved, 
indicating  much  less  vigorous  action  than  that  of  the  same  strength  of 
fruit  acids,  and  dissolving  less  tin  than  the  samples  of  sardines  examined. 

Salts  of  Lead. — While  it  is  a  fact  that  the  material  of  the  tin  plating 
usually  found  in  cans  is  comparatively  low  in  lead,  the  same  is  not  always 
true  of  the  metal  caps  used  to  cover  some  of  the  bottled  goods.  The 
French  "haricots  verts"  are  usually  sold  in  wide-moiithcd  bottles,  closed 
by  a  disk  of  very  soft  metal.  In  one  instance  this  metal  cap,  which  came 
in  contact  with  the  liquid  contents  of  the  bottle,  was  found  lo  contain 
93i%  of  lead.  Of  the  various  kinds  of  bottles  in  which  are  sold  cheap 
carbonated  drinks  known  as  "pop,"  one  style  has  a  stopper  consisting  of 
a  metallic  button  surrounded  by  a  rubber  ring.  These  metallic  buttons 
consist  of  tin  and  lead  in  varying  proportions.  Inasmuch  as  the  inclosed 
liquor  was  usually  found  to  be  quite  acid  in  reaction,  the  danger  of  pro- 
longed contact  with  the  metallic  portion  of  the  stopper  is  evident. 

The  following  table  gives  the  percentage  of  lead  found  in  the  stoppers 
of  this  character,  together  with  the  amount  of  lead  contained  in  the  liquor:  * 


Character  q[  Sample. 
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contents  of  the  bottles  was  in  no  case  very  large,  it  was  enough  to  con- 
demn the  use  of  lead  in  the  manufacture  of  such  stoppers.  That 
the  amounts  of  lead  found  in  the  contents  of  the  bottles  vary  quite  iire 
spective  of  the  percentage  of  lead  in  their  stoppers,  may  be  ascribed  to 
various  causes,  such  as  the  difference  in  the  acidity  of  the  liquors,  and 
ihe  length  of  time  that  the  liquor  has  been  in  contact  with  the  stopper. 
Furthermore,  the  more  soluble  metal  of  an  alloy  is  attacked  by  an  acid 
with  an  energ}^  which  is  not  proportional  to  the  percentage  of  that  metal 
in  the  alloy. 

Salts  of  Zinc. — The  presence  of  zinc  salts  in  canned  foods  is  largely 
accidental,  and  is  generally  duj  either  to  the  contact  of  the  acid  fruits 
and  vegetables  with  galvanized  iron  in  the  canneries,  to  the  occasional 
use  of  brass  vessels,  or  to  the  zinc  chloride  used  as  a  soldering  fluid. 
Hilgard  and  Colby  *  have  examined  empty  tin  cans  fresh  from  the  manu 
facturer,  and  found  zinc  chloride  in  notable  quantity  in  the  seams,  and 
especially  in  the  empty  space  of  the  lap  at  the  bottom  of  the  can,  where 
it  could  easily  be  acted  on  by  the  contents.  The  average  amount  of 
soluble  zinc  chloride  found  in  the  **lap"  alone  amounted  to  three-fourths 
of  a  grain  per  can.  It  was  furthermore  ascertained  that  it  was  not  the 
practice  of  canners  to  wash  the  cans  before  packing,  so  that  zinc  present 
in  canned  goods  may  thus  readily  be  accounted  for. 

Zinc  chloride  is  commonly  used  in  machine  soldering,  but  should  be 
displaced  by  rosin. 

Hilgard  and  Colby  found  in  some  spoiled  cans  of  asparagus,  where 
the  acidity  was  unusually  high,  an  average  of  6.3  grains  of  zinc  chloride 
per  large  can. 

Zinc  salts  are  said  to  have  been  used  for  greening  peas,  but  their  use 
for  this  ])uq)()se  is  not  common.  Zinc  chloride  is  the  salt  used,  and  a 
natural  yellowish-green  lint  is  imparted  when  ])r()[)erly  a])])lied.  The 
process   lias  In-i-n   kept   secret. 

Salts  of  Copper.  While  copper  in  canned  goods  is  sometimes  acci- 
dental, its  ])resenre  being  (hie  to  the  use  of  ro])i)er  or  l)ra>s  vessels  in  the 
canneries,  its  chief  intere>t  to  the  food  analyst  lies  in  the  use  of  co})])er 
sul])hate  for  greening  peas  and  other  vegetables.  The  artillcial  greening 
of  vegetables  is  nnu  h  more  commonly  practiced  in  France  than  in  the 
United  States. 

French  canners  of  peas,  beans,  Brussels  sprouts,  etc.,  are  frequently 
so  lavish  in  the  use  of  srlphate  of  copper  that  the  goods  as  found  on  our 

*  Rep.  Cal.  Agric.  Exp.  Sta.,  1897-8,  p.  159. 
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markets  can  in  some  cases  hardly  be  said  to  resemble  the  freshly  cooked 
products  in  color.  Oftentimes,  indeed,  they  possess  such  a  deep  green 
as  to  be  positively  distasteful  to  the  average  American  palate,  though 
evidently  this  unnatural  hue  is  craved  in  Europe.  The  use  of  copper 
in  such  foods  is  often  rendered  apparent  by  the  most  cursory  examina- 
tion. 

In  this  country,  when  copper  is  used,  smaller  quantities  are  usually 
employed,  with  an  attempt  to  imitate  more  closely  the  color  of  the  natural 
product. 

Complaint  in  court  for  this  form  of  adulteration  under  the  general 
food  law  as  it  exists  in  most  states  would  naturally  be  brought  under  one 
of  two  clauses : 

ist.  As  being  colored,  whereby  the  product  appears  of  greatci  value 
than  it  really  is,  or 

2d.  As  containing  an  ingredient  injurious  to  health. 

An  ingenious  claim  is  sometimes  advanced  by  the  defendant  in  oppo- 
sition to  clause  i,  to  the  effect  that  copper  sulphate  is  added,  not  to  give 
an  artificial  green  color,  but  to  preserve  the  original  green  of  the  chloro- 
phyl  or  natural  color  of  the  fresh  peas,*  so  that  it  wQl  not  be  destroyed 
by  subsequent  boiling. 

This  point  was  argued  in  a  strongly  contested  court  case  brought  in 
Massachusetts  for  copper  in  French  peas-i 

.\s  Worcester  X  has  shown,  the  fallac)'  of  this  argument  can  be  easily 
demonstrated.  If  it  were  true  that  the  copper  acts  as  a  preservative  of 
the  chlorophyl,  a  pure  extract  of  chlorophyl  should,  by  the  addition  of 
copper  sulphate,  be  prevented  from  destruction  on  boiling,  and  again, 
on  once  dcstn)ying  the  color  of  the  chlorophyl  by   boiling,  it  would  be 
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by  boiling  albumins  with  copper  salts,  due  to  the  formation  of  albummate, 
or  in  the  case  of  peas,  leguminate  of  copper.  Harrington  *  states  that  it  is 
possible  to  color  eggs  an  intense  green  by  boiling  with  copper  sulphate. 

Examination  of  a  large  number  of  brands  of  canned  vegetables  greened 
by  copper,  as  bought  in  Massachusetts,  showed  that  the  amount  used 
varied  from  a  trace  to  2.75  grams  per  can,  calculated  as  copper  sulphate. 
In  justice  to  the  consumer,  who  may  be  cautious  about  taking  into  his 
system  copper  sahs,  as  well  as  to  those  who  are  indilTerenl  lo  their  use, 
it  is  no  more  ihan  fair  thai  all  cans  should  have  a  label,  plainly  staling 
the  ([uanlity  present.  In  the  "Massachusetts  market,  labels  like  the  fol- 
lowing are  not  uncommon:  *'This  package  of  French  Vegetables  con- 
tains an  equivalent  of  Metallic  Copper  not  exceeding  three-quarters  of 
a  grain.'' 

Copper  as  a  coloring  matter  has  been  most  commonly  found  in  peas, 
beans,  and  Brussels  sprouts.  Copper  salts  in  minute  quantity  have  been 
found  in  Massachusetts  in  canned  tomatoes,  clams,  and  squash,  as  well 
as  in  pickles. 

Salts  of  Nickel. — Sulphate  of  nickel  has  been  employed  instead  of 
sulphate  of  copper  for  greening  vegetables.  According  to  Harrington  f 
0.25  gram  of  nickelous  sulphate  per  kilogram  of  peas  is  used.  The  peas 
or  other  vegetables  are  boiled  in  a  solution  of  the  salt,  made  slightly  alka- 
line with  ammonia. 

Toxic  Effects  of  Metallic  Salts. — Divergence  of  opinion  is  so  great 
as  to  the  toxic  effects  of  salts  of  the  heavy  metals  on  the  human  system, 
when  present  in  the  small  amounts  commonly  found  in  food  products, 
that  it  is  extremely  ditTicult  to  maintain  a  complaint  in  court  based 
entirely  on  the  harmful  effects  of  these  salts.  Since  the  question  is  one 
for  the  loxicologist  or  physiological  chemist  rather  than  the  analyst  to 
settle,  il  will  not  be  discussed  here  at  length;  sulTice  it  to  say  that  a  large 
numl)er  of  ex])erinients  on  human  beings  will  und()ul)te(lly  have  to  be 
tried,  before  the  necessary'  data  will  be  at  hand  on  wliich  to  l)a>e  a  reallv 
intelligent  opinion.  The  same  general  dilTiculties  are  met  witli  here  as 
one  encounter-  in  tlie  matter  of  determining  the  definite  elTecls  of  anti- 
^ejnics  in  food,  of  alum  in  baking-powder,  etc. 

Determination  of  Lead  in  Tin  Alloy. — Method  oj  Paris  Municipal 
Labor  a  I  or  y.X     Tiie  material,  if  soft,  is  hammered  into  a  thin  j)late,  and 


*  Practical  Hygiene,  p.  203. 

t  Ibid.t  p.  205. 
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2j  grams  are  weighed  out,  transferred  to  a  250-cc.  flask,  and  dissolved 
in  7  to  8  cc.  of  concentrated  nitric  acid.  Evaporate  to  dryness  on  the 
sand-bath,  add  10  drops  of  nitric  acid  and  50  cc.  of  boiling  water,  cool, 
and  make  up  to  250  cc.  with  water,  l,et  the  residue  settle  and  pour  off 
through  a  filter  100  cc.  of  the  clear,  supernatant  liquid,  corresponding 
to  I  gram  of  the  material.  This  contains  the  lead,  while  the  tin  is  left 
behind  in  the  residue,  together  with  antimony  if  present. 

Add  10  cc.  of  a  standard  solution  of  potassium  bichromate  (7.13  grams 
to  the  liter)  and  shake.  Each  cubic  centimeter  of  this  standard  solution 
is  sufficient  to  precipitate  0.01  gram  of  lead.  Allow  the  lead  chromate 
formed  to  settle,  and,  if  the  solution  is  colorless,  add  10  cc.  more  of  the 
bichromate,  or  sufficient  to  be  present  in  excess,  as  indicated  by  the  yellow 
color.  Filter,  wash,  and  titrate  the  excess  of  bichromate  with  a  standard 
iron  solution,  containing  57  grams  of  the  double  sulphate  of  iron  and 
ammonia  and  125  grams  of  sulphuric  acid  per  liter,  Thb  iron  solution 
should  be  kept  under  a  layer  of  petroleum,  and  standardized  against 
the  potassium  bichromate  before  use. 

Add,  drop  by  drop,  the  iron  solution  to  that  containing  the  excess  of 
bichromate.  The  color  of  the  latter  passes  from  pale  green  to  bright 
green,  when  the  chromate  b  completely  reduced.  Determine  the  L-nd- 
point  with  a  freshly  prepared  dilute  solution  of  potassium  ferricyanidc, 
a  drop  of  which  b  jilaced  on  a  ]»orcclain  plate  or  lilc  in  contact  with  a 
little  of  the  solution  titrated.  A  blue  color  is  jjrot'uccd  when  the  iron 
is  present  in  excess.  If  the  standard  iron  and  bichromate  solutions 
exactly  correspond,  i  cc.  of  the  iron  solution  is  equivalent  to  I'-'/c  of  lead, 
but  the  latter  solution  is  usually  a  little  weak. 

If   n  =  number   of   cubic   centimeters   of   iron   solution   necessary    10 
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first  evaporated  to  dryness,  and  from  lo  to  15  cc.  of  concentrated  sul- 
phuric acid  or  enough  to  carbonize  are  added  to  the  dry  residue  contained 
in  a  porcelain  evaporating-dish,  which  is  very  gently  heated  over  the  flame 
till  foaming  ceases.  Then  ignite  to  an  ash  in  a  muffle,  or  carefully  over 
the  free  flame,  using  a  little  nitric  acid,  if  necessar}%  for  oxidation  of  the 
organic  matter.  Add  20  cc.  of  dilute  hydrochloric  acid,  and  evaporate 
over  the  water-bath  to  dryness.  Wash  the  residue  into  a  beaker,  slightly 
acidify  with  hydrochloric  acid,  and  saturate  with  hydrogen  sulphide 
without  ]jrevious  fihration.  Heat  the  beaker  on  the  water-bath,  and 
])ass  the  contents  through  a  filter.  Wash  the  precipitate,  which  contains 
siilj)lii(les  of  tin,  lead,  and  c()])per,  if  these  metals  are  present,  while  if  there 
i>  zinc,  it  i^  contained  in  the  fiUrate.  The  preci])ilate  is  fused  with  sodium 
hydroxide  in  a  silver  crucible  for  half  an  hour,  to  increase  the  solubilii}- 
of  the  tin,  whicli  would  otherwise  be  dissolved  with  dilTiculty.  The 
fi  sion  is  boiled  U])  with  hot  water,  acidulated  with  hydrochloric  acid,  and 
transferred  without  filtering  to  a  beaker,  in  which  hydrogen  sulphide 
is  added  to  saturation.  This  precipitates  the  sulphides  of  tin,  lead,  and 
copper  (if  these  metals  arc  present).  The  sulphide  precipitate  is  collected 
on  a  filter,  and  thoroughly  washed  wth  hot  water,  the  washings  being 
rejected.  Pass  through  the  filter  several  portions  of  boiling  ammonium 
sulphide,  using  about  50  cc.  in  all,  or  till  all  the  tin  is  dissolved.  Precipi- 
tate the  tin  from  the  combined  filtrate  with  hydrochloric  acid,  filter, 
wash,  ignite,  and  weigh  as  stannic  oxide. 

The  residue  left  on  the  filter,  after  dissolving  out  the  tin  sulphide,  is 
then  dissolved  by  treatment  with  nitric  acid,  which  is  filtered,  and  to 
the  filtrate  and  washings  ammonia  is  added  nearly  to  the  point  of  neutral- 
ization. Then  add  ammonium  acetate.  Filter  off  any  ])recipitate  of 
iron  that  may  be  formed.  The  filtrate  is  divided  into  two  portions  for 
determination  of  copper  and  lead.  If  lead  is  absent,  determine  the 
cop])er  by  titration  with  })otas^ium  cyanicle  *  or  electrolytically  (p.  4(^3). 
C;»pper  is  rarely  pre^ent  in  sulTicient  amount  to  be  determined,  unless 
us«;d  for  greening  thu  vegetables.  If  notable  quantities  of  lead  are  |)resent, 
the  solution  is  made  acid  with  acetic,  and  the  lead  preci])itated  therefrom 
with  ])()tas^ium  chromate,  collected  on  a  tared  filter,  washed  with  water 
acidified  with  acetic  acid,  dried  at  100®  C,  and  weighed  as  lead  chromate. 
Or  determine  the  lead  by  color-tests,  as  on  page  704. 

For  the  determination  of  zinc,  the  filtrate  from  the  first  hydrogen- 
sulphide  residue  is  evaporated  to  a  volume  of  about  60  cc,  and  treated 

*  Sutton,  Volumetric  Analysis,  8th  ed.,  p.  204. 
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with  bromine  water  to  oxidize  the  iron,  as  well  as  any  excess  of  hydrogen 
sulphide  remaining,  the  excess  of  bromine  is  then  boiled  off,  and  a  few 
drops  of  concentrated  ferric  chloride  added,  to  make  the  solution  distinctly 
yellow,  if  not  aheady  so.  Nearly  neutralize  with  ammonia,  and  precipi- 
tate the  iron  with  ammonium  acetate.  Fihcr,  wash,  acidify  the  filtrate 
with  acetic  acid,  and  precipitate  the  zinc  with  hydrogen  sulphide. 
Filter,  wash,  ignite,  and  weigh  as  zinc  oxide. 

The  metals  may  be  determined  separately,  as  follows: 
Detennination  of  Tin.* — Evaporate  the  contents  of  the  can  to  dry- 
nes5,  and  ignite  in  porcelain.  Fuse  the  ash  with  sodium  hydroxide  in  a 
silver  crucible,  boil  the  fusion  with  several  portions  of  water  acidulated 
with  hydrochloric  acid,  fiher,  and  precipitate  the  tin  from  the  acid  i^olu- 
tion  with  hydrogen  sulphide.  Dissolve  the  washed  precipitate  in  ammo- 
nium sulphide,  fdter,  and  deposit  the  tin  directly  from  this  solution  by 
electrolysis  in  the  platinum  dish  which  contains  it,  using  a  airrcnt  of 
0.05  ampere  and  the  electrolytic  apparatus  described  on  page  41)3. 

Determination  of  I/eod,  especially  applicable  if  lead  is  present  in  small 
amounts  only.  Boil  the  sulphatcd  ash  of  the  contents  of  the  can  (obtained 
as  on  page  703)  with  a  solution  of  ammonium  acetate,  having  an  excess  of 
ammonia.  The  tin,  zinc,  and  iron  remain  insoluble,  while  the  copjier 
and  lead  are  dissolved.  Filter,  wash,  and  add  a  few  dro])s  of  potassiu:n 
cyanide  to  the  filtrate,  to  prevent  precipitation  of  co]>pcr  when  hydrogen 
sulphide  is  subsequcnily  added.  If  the  solution  exceeds  40  cc,  concen- 
trate to  thai  amount  by  evaporation,  and  transfer  to  a  50-cc.  Xessler 
tube.  Add  hydrogen  sulphide  water,  and  make  up  to  the  mark.  Com- 
pare the  brown  color  imparted  by  the  lead  sulphide,  wi;h  the  colors 
obtaine<l   by    treating   with   hydrogen   sulphide  water  in  Ncssler    tubes 
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(a)  Cclorimdrieaily,r^Tbk  method  k  cspedaDy  applkabk  for  small 
amoonts  of  copper.  The  bhie-adored  ayimogiiatal  aohitkm  of  the  ash, 
filtered  as  in  (z),  is  transferred  to  a  Nesskr  tub^  and  its.  color  matched 
against  the  colors  of  a  scries  of  measured  amounts  of  an  ammfmiacal 
standard  solution  of  copper  sulphate 

Determination  of  Nickel. — ^Boil  the  ash  with  water  slightly  acidified 
with  hydrochloric  acid,  and  without  filtering,  saturate  with  hydrogen 
sulphide,  thus  precipitating  out  any  copper,  tin,  or  lead.  Filter  and  wash. 
Zinc  and  nickel,  if  present,  are  in  the  filtrate.  Boil  the  filtrate  to  expel 
the  hydrogen  sulphide,  and  add  sodium  carbonate  till  slightly  alkaline. 
Add  acetic  acid  without  filtering  till  the  precipitate  produced  by  the 
alkaline  carbonate  is  dissolved,  and  then  add  a  considerable  excess  of 
acetic  acid.  The  zinc  is  precipitated  by  passing  hydrogen  sulphide 
throi  gh  the  cold  dilute  solution,  while  the  nickel  is  held  in  solution  by 
the  large  excess  of  acetic  acid.  Filter,  and  wash  with  hydrogen  sulphide 
water,  to  which  a  little  ammonium  acetate  has  been  added. 

Make  the  filtrate  alkaline  with  ammonia,  precipitate  the  nickel  with 
ammonium  sulphide,  filter,  wash,  ignite,  ajid  weigh  as  nickelous  oxide. 

ANTISEFTICS  IN  CAKMXD  FOODS. 

No  dass  of  food  products  stands  so  little  in  need  of  these  added  sub- 
stances to  arrest  fermentation  as  canned  foods,  if  properly  prepared; 
but,  as  a  matter  of  fact,  the  use  of  antiseptics  in  this  connection  is  on  the 
increase.  Prolonged  heating  for  a  sufficient  length  of  time  to  perfectly 
sterilize  the  contents  of  a  can  is  in  some  cases  more  or  less  detrimental 
to  the  appearance  of  the  product,  so  that  for  this  reason,  as  well  as  to  save 
time  in  ** processing,'*  and  furthermore  to  increase  the  keeping  qualities 
of  the  goods  after  opening,  many  manufacturers  resort  to  the  use  of  arti- 
ficial chemical  preservatives.  So  long  as  any  well-founded  prejudice 
against  preservatives  exists,  their  use  in  canned  or  bottled  foods  should 
be  unequivocally  condemned,  unless  the  cans  or  packages  are  distinctly 
labeled  with  the  nature  of  the  i)reservative  and  the  extent  to  which  it 
is  emi)loyed. 

As  in  other  foods,  discrimination  as  to  locality  is  apparently  used  on 
the  part  of  manufacturers  in  shipping  canned  goods  containing  added 
preservatives,  so  that,  as  a  matter  of  fact,  in  states  where  it  is  well  under- 
stood that  a  vigilant  enforcement  of  the  pUre-food  law  prevaib,  we  do 
not  find  as  high  a  percentage  of  canned  foods  with  preservatives  as  in 
other  states. 
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Preservatives  commonly  employed  in  canned  goods  are  salicylic, 
benzoic,  and  sulphurous  acids,  though  the  other  familiar  antiseptic  agents 
may  be  used.  In  such  foods  as  canned  com,  while  the  purpose  of  Siil- 
phurous  acid  miy  be  in  part  as  a  prescn'ative,  the  primary  object  for 
its  use  is  undoubtedly  to  bleach  or  whiten  the  product. 

The  Bleaching  0}  Com  by  artificial  means  before  canning  is  usually 
accomplished  by  boiling  the  com  with  sulphite  of  soda,  thus  giving  to 
the  product  an  unnaturally  while  color.  The  practice  seems  to  have  been 
more  in  vogue  ten  years  ago  than  at  present,  the  popular  taste  now  appar- 
ently preferring  the  natural  rich  yellow  of  fresh  com. 

Saccharin  is  claimed  to  possess  antiseptic  powers  and  b  used  in  canned 
goods,  but  its  primary  purpose  is  as  a  sweetener. 

Bela-naphlhol  is  also  said  to  be  used  as  a  prcsenative  in  canned 
goods,  but  has  not  been  found  by  the  author  in  any  samples  that  have 
come  to  him  for  analysis. 

Detection  of  Preservatives. — Tests  for  salicylic  or  benzoic  acid  are 
most  readily  made  Jn  the  residue  from  an  ether  extract  of  a  portion  of 
the  acidified  contents  of  the  can  or  package,  while  formaldehyde  and 
sul[>hurous  acid  are  tested  for  in  the  earlier  portions  of  the  distillate, 
obtained  by  distilling  a  mixture  of  the  acidified  contents  in  \vater. 

If  it  is  desired  to  systematically  test  for  the  various  preser\-atives 
in  the  same  sample,  a  convenient  method  of  procedure  is  as  fol- 
lows : 

Thoroughly  mix  50  grams  of  the  pulped  sample  with  water  in  a  250- 
cc.  graduated  flask,  make  distinctly  acid  with  dilute  phosphoric  acid,  and 
fill  to  the  mark  with  water.  Transfer  to  a  distilling-fiask,  and  subject  to 
dii^tillation  in  a  glycerin-  or  paraffin-bath,  whereby  the  temperature  is 
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The  residue  left  in  the  flask  is  then  washed  out  and  incinerated,  and 
the  ash  examined  for  boric  acid. 

"soaked  goods." 

It  has  become  quite  common,  especially  in  the  case  of  peas,  beans, 
and  com,  to  utilize  for  canning  purposes  those  that  have  grown  old  and 
dried,  after  soaking  them  for  a  long  time.  The  presence  of  soaked  peas 
in  the  market  is  generally  more  common  in  years  when  there  is  a  scarcity 
in  the  pea  crop.  By  the  process  of  soaking,  dried  and  matured  field  corn 
may  be  softened  to  such  an  extent  as  to  be  substituted  for  green  or  sweet 
corn  in  the  canned  product.  These  goods,  frequently  sold  at  a  ver}'  low 
price,  under  some  such  tempting  name  as  **  Choice  Early  June  Peas,"  are 
entirely  devoid  of  that  succulent  property  so  highly  j)rized  in  the  fresh 
goods,  and  are  altogether  so  inferior  in  quality  that  their  sale  may  justly 
be  considered  as  fraudulent,  unless  their  character  is  specified.  In  some 
states  the  law  j)rovides  that  such  a  product,  to  be  legally  sold,  shall 
have  plainly  marked  on  the  label  of  the  can  the  words  *' Soaked  Goods" 
in  letters  of  prescribed  size. 

Detection. — Methods  of  detecting  soaked  goods  are  distinctly  physi- 
cal rather  than  chemical.  The  appearance  and  taste  of  the  goods  furnish 
in  most  cases  an  unmistakable  clue  to  their  nature.  Soaked  goods  are 
entirely  lacking  in  juiciness,  and  in  the  flavors  so  characteristic  of  the 
various  vegetables,  when  gathered  and  canned  before  becoming  dry. 
The  process  of  soaking  is  also  said  to  develop  the  growth  of  the  rudi- 
mentary stem  of  the  embr\^o  in  the  dried  pea  and  bean.  Peas  and  beans 
of  the  soaked  variety  are  almost  entirely  lacking  in  the  green  color  of 
the  fresh  vegetables,  unless  the  color  has  been  artificially  supplied. 

In  all  cases  it  will  be  found  that  the  solid  grains  or  kernels  of  the 
peas,  beans,  and  corn  that  have  once  been  dried,  though  softened  by 
the  process  of  soaking,  have  much  less  water  than  the  grains  of  the  cor- 
resi)onding  vegetables  that  were  gathered  while  still  soft  and  succulent. 

KETCHUPS   AND   TABLE    SAUCES. 

These  preparations  var}-  widely  in  their  character  and  composition, 
and,  in  the  absence  of  standards  fixed  by  law  for  each  particular  mixture, 
almost  any  food  jjroduct  may  be  included  in  its  make-U|),  without  laying  it 
open  to  the  charge  of  being  adulterated.  At  the  same  time,  in  this  class 
of  condiments  it  is  naturally  expected  that  the  ingredients  used  all  have 
some  food  value,  and  in  addition  possess  a  certain  degree  of  pungency 
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or  distinctive  flavor.    In  other  words,  inert  materials  used  simply  as 

CHEMICAL  COMPOSITION  OF  KETCHUP,  PICKLES,  AND  RELISHES  • 
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"fillers"  are,  to  say  the  least,  out  of  place,  even  though  they  are  not 
actually  adulterants. 

Tomato  Ketchup  in  its  simplest  form  consists  of  boiled,  fresh,  ripe 
tomato  pulp  mixed  with  various  spices,  either  with  or  without  the  ad<lition 
of  red  peppers,  sugar,  and  vinegar.  The  preparation,  being  usually 
strained  through  a  sieve  before  bottling,  is  'of  smooth  consistcncj-  and 
free  from  masses  of  pulp, 

The  ketchup  of  the  housewife  is  made  from  var)'ing  recipes,  all  based 
on  the  above  method  of  procedure;  and  while  the  commercial  bottled 
ketchups  should  be  made  from  materials  tjuite  as  pure,  it  is  often  true, 
especially  in  the  cheaper  varieties,  that  the  skins  and  refuse  of  lonuiio- 
canning  factories  form  the  basis  of  much  of  the  ketchup  in  the  market. 
Even  with  the  use  of  these  materials,  when  jjroperly  prepared,  and  before 
advanced  fermentation  has  set  in,  with  clc^n   molhods  of  handlin 


CANNED  AND  BOTTLED  VEGETABLES,  ETC.  709 

Coloring  of  Tomato  Ketchup. — ^The  practice  of  adding  artificial 
dyestufTs  to  ketchup  is  very  prevalent,  but  the  brilliant  magenta  and 
crimson  hues  often  imparted  to  the  bottled  ketchups  on  the  market  in 
no  wise  resemble  the  natural  dull-red  or  brown  color  of  the  pure  home- 
made article,  in  which  the  bright  color  of  the  fruit  pulp  is  modified  by 
the  mixture  of  spices  with  which  it  is  cooked.  It  is  doubtless  tn^e  that 
many  manufacturers  employ  such  inferior  materials  that  unless  some 
dyestuffs  were  added  the  result  would  be  most  unappetizing  in  apj)earance. 
Use  of  artificial  coloring  matters  is  not,  however,  universal.  Out  of 
ninety-five  samples  of  tomato  ketchup  examined  in  1901  in  Connecticut, 
onlv   fifteen  were  found  uncolored.* 

Anilin  dves  and  cochineal  are  most  commonlv  used  for  colorinf]^. 

Walnut  Ketchup. — This  is  made  up  in  a  somewhat  similar  manner 
to  tomato  ketchup,  excej)ting  that  instead  of  tomatoes,  soft  young  walnuts 
are  crushed  and  used  as  a  basis. 

Chili  Sauce  is  made  up  of  a  pulped  mixture  of  tomatoes,  red  peppers, 
onions,  vinegar,  and  various  spices,  diflfering  from  ketchup  in  that  it 
contains  the  seeds  and  is  not  strained.  In  consistency  it  is  heavier  than 
ketchup.  It  is  colored  and  preserved  in  much  the  same  manner  as 
ketchup. 

Table  Sauces  are  composed  of  a  large  variety  of  materials  of  a  more 
or  less  pronounced  flavor  or  pungency,  combined  in  a  liquid  prepara- 
tion usually  of  a  more  thin  or  watery  consistency  than  the  ketchups. 
The  materials  emi)loyed  include  mushrooms,  onions,  garlic,  ground  ancho- 
vies, tamarinds,  sj)ices,  coriander  and  cardamom  seeds,  wahiuts,  vinegar, 
molasses,  and  even  assaftetida.  These  bottled  pre] )arat ions  are  ven* 
rarely  colored  except  with  caramel,  but  sometimes  contain  antiseptics, 
especially  salicylic  and  l)cn/.oic  acids. 

The  Addily  of  kctcinij)s  and  table  sauces  furnishes  a  readv  means 
of  comi)ari<^()n  belwci-n  dilTerent  varieties,  and  is  convenientlv  expressed 
in  terins  of  acetic  a(  id. 

To  dclcnninc  the  a(  idity,  til  rale  i  gram  of  the  diluted  samj»k-  with 
tenth-normal   sodium   hydroxide,   using  phen()l])lithalcin  a^  an   indicator. 

"22^  bl)ls.  new  i:;.)<)rl-;.  mi.i«1*-  from  wistc;  has  hcnzoatc  0}  sod^i  in  it,  na(  ki-d  in  uiuliarn-ri 
whiskey  -irul  wine  hainls  at  ?^oo  ]ht  hbl.  net  cash.**  '*.SOo  l)])ls.  oM  ^(hxIs,  partlv  whole 
stork,  partly  waslr,  h>is  s.ilicylic  acid  iu  it;  nice  grxnls,  fir.  Pri( c  $.?.ro  per  M.!."  "400 
bbls.  new  gtxxls,  Jer>ry  style;  solid  and  good  red  color,  fine  quality.  Pritc  ?^.oo  jur  bbl.' 
With  prices  as  low  a<;  the  abf)vc  quotations,  it  is  diHieult  to  see  how  a  <  htajxr  basi-^  U)t  ketc  hup 
Slock  than  thtr  above  could  be  supplied.  Kven  the  pulp  of  pumpkin  and  of  other  incri  vege- 
tables, alleged  to  Ik-  us<-d  as  adulterants,  would  hardly  be  furnished  so  cheaply. 
♦  An.  Rep.  Conn.  Exp.  Sla.,  1901. 
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Each  cubic  centimeter  of  the  alkali  corresponds  to  0.006  gram  of  acetic 
Acid. 

Winton  and  Ogden  *  have  found  the  acidity  of  tomato  ketchups  ex- 
amined by  ihcm  to  vary  between  the  limits  of  0.60  and  a.ao  per  cent, 
calculated  as  acetic  acid,  Chili  sauce  from  0.80  to  1.80  per  cent,  and 
various  table  sauces  from  1.40  to  1.60  per  cent. 

Exominatioii  of  Table  Sauces  and  Ketchups  for  Preservatives. — 
Extract  a  portion  of  the  acid  sample  with  ether  or  chloroform,  which 
removes  salicylic  or  benzoic  acid  or  saccharin.  If  the  sample  is  of  thin 
or  watery  consistency,  like  most  table  sauces,  the  extraction  can  in  most 
cases  be  readily  effected  in  a  separatory  funnel,  chloroform  being  in  this 
case  most  convenient,  since  it  sinks  to  the.  bottom.  If  ketchup  or  other 
thick  syrupy  substance  is  to  be  examined,  it  is  almost  impossible  when 
shaking  with  ether  or  chloroform  to  avoid  the  formation  of  an  antiojing 
emulsion,  which  it  is  difficult  to  break  up.  For  this  reason  the  author 
prefers,  in  the  case  of  ketchups  and  similar  viscous  fluids,  to  separate 
the  extract  by  means  of  a  centrifuge  of  the  style  shown  in  Fig.  11,  .\ 
portion  of  the  acid  sample,  say  75  cc,  b  shaken  violently  in  a  corked 
fla-sk  with  25  to  40  cc.  of  ether,  and  the  mixture,  usually  in  the  form 
of  an  emulsion,  is  poured  into  two  of  the  centrifuge  tubes,  so  that  they 
contain  equal  amounts  and  balance  each  other.  They  are  then  corked, 
placed  in  the  shields  of  the  centrifuge,  and  whirled  from  two  to  four 
minutes,  or  until  the  emulsion  is  broken  up.  At  the  end  of  this  time 
it  is  usually  found  that  the  mixture  is  separated  into  three  layers;  first 
a  water)'  layer  at  the  bottom  of  the  tube,  then  an  almost  solid  layer  of 
the  viscous  material  above  it,  and  finally  the  clear  ether  extract  at  the 
top.      .\s   a  rule  the  separation  is  so  complete  that  the   tube  may  be 
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« 
PICKLES. 

A  large  variety  of  vegetables  and  fruits  are  preserved  in  the  form 
of  pickles  in  vinegar,  either  with  or  without  spices,  and  kept  in  wooden 
pails,  stoneware  pots,  kegs,  or  sealed,  wide-mouthed  bottles.  The  con- 
tainers are  not  of  necessity  air-tight.  The  commoner  vegetables  are 
usually  pickled  without  cooking,  while  with  fruits,  as  in  the  case  of 
peaches,  pears,  gooseberries,  etc.,  they  are  usually  cooked,  or  at  least 
heated. 

Cucumber  Pickles  arc  the  most  common,  and  arc  ])ref)arc(l  by  soaking 
the  fresh  cucumbers  in  strong  salt  brine.  They  are  then  dried  on  frames, 
and  afterwards  treated  with  ])oiling  vinegar,  to  which  sj)ices  may  or  may 
not  be  added.  Other  vegetables  pickled  in  similar  manner,  either  .sepa- 
rately or  in  mixture  with  cucumbers  to  form  "mixed  i)ickles"  or  " gher- 
kins,'*  are  caulitlower,  bean  pods,  white  cabbage,  yor.ng  walnr.t  ,  and 
onions. 

Such  soft  vegetables  as  young  podded  beans  and  beets  are  not  treated 
with  brine,  but,  after  soaking  in  water,  are  directly  treated  with  vinegar. 
The  vinegar  used  for  the  finest  pickling  is  of  the  cider,  wine  or  malt 
variety.  Cheaper  varieties  of  pickles  are  put  up  in  ** white  wine"  or 
spirit  vinegar. 

Mustard  Pickles. — ^These  differ  from  plain  vinegar  pickles  in  the 
character  of  the  preserving  medium,  which  in  this  case  consists  of  a  mix- 
ture of  mustard  and  si)ices  with  the  vinegar  to  form  a  thin  i)aste. 

Piccalilli  consists  of  a  mixture  in  vinegar  of  various  ch()i)i)ed  vege- 
tables, such  as  cucumbers,  cauliflower,  green  pickles,  onions,  green  toma- 
toes, and  vario'.is  s])i(  es. 

Olives  or  ])ickling  are  ])icked  before  they  have  fully  ripened,  and  the 
inherent  hitter  taste  i^^  removed  l)y  soaking  in  a  solution  of  i)Otash  and 
lime.  This  is  replaced  by  cold  water,  and  Imally  the  olive^  are  trans- 
ferred to  the  medium  in  which  thev  are  bottled,  which  c()nsi>ts  of  salt 
brine,  either  with  or  witliout  flavoring.  The  flavoring  materials  employed 
consist  of  ^iich  sul)stances  as  fennel,  coriander,  laurel  leaves,  and  occa- 
sionally vinegar. 

Capers. — These  are  the  flower  buds  of  the  shrub  Cap  par  is  spinosdy 
which  are  pickled  in  vinegar.  Nasturtium  seeds,  when  similarly  pickled, 
possess  a  flavor  much  resembling  capers,  but  their  substicUlion  for  capers 
could  readily  be  detected  by  their  distinctive  appearance,  even  if  colored. 

Adulteration   of   Pickles. — Green   pickles,   such   as   cucumbers,   are 
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not  uncommonly  colored  artificially  6y  copper  salts,  either  through  the 
addition  of  copper  sulphate,  as  in  the  greening  of  peas,  or  by  the  use 
of  copper  vessels.  This  artificial  greening  is  to  be  looked  for  also  in  such 
products  as  capers  and  olives. 

For  methods  of  detection  and  estimation  of  copper,  see  page  704. 
Pickles  may  be  greened  by  boilii^  with  much  less  harmful  substances 
than  copper  salts,  such,  for  example,  as  grape  leaves,  spinach,  or  parsley. 

Free  Sulphuric  Acid  has  been  found  in  a  number  of  cases  in  the  vine- 
gar of  pickles  bought  on  the  Massachusetts  market.  A  pronounced 
test  for  chloride  with  nitrate  of  silver  should  not  be  attributed  to  free 
hydrochloric  acid,  since  it  may  be  and  probably  is  due  to  the  salt  from 
the  brine  in  which  the  pickles  have  been  treated. 

Alum  is  sometimes  added  to  the  salt  solution  to  produce  hardness 
and  crispness  in  pickles,  A  number  of  samples  of  cucumber  pickles 
have  been  found  by  the  author  to  contain  alum.  For  its  detection,  fuse 
the  ash  of  the  pickles,  if  free  from  copper,  in  a  platinum  {iish  wilh  sodium 
carbonate,  extract  ft-ith  boiling  water,  filter,  and  add  ammonium  chlo- 
ride.    A  flocculent  precipitate  shows  alum. 

Horseradish. — This  condiment  is  prepared  by  grating  the  root  of 
the  perennial  herb  Nasturtium  armoracia,  and  preserving  in  vinegar. 
It  is  very  pungent  and  aromatic  when  first  prepared,  but  by  exposure  to 
light  and  air  quickly  loses  strength,  A  common  adulterant  of  bottled 
horseradish  as  sold  on  the  market  is  the  ordinary  grated  turnip,  the  pres- 
ence of  which  canbe  readily  detected  by  means  of  the  microscope. 

JAMS   AND   JELLIES. 

Jams  or  marmalades  are  prc[>arcd  from  the  pulp  of  fruits,  and  jellies 
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till  soft,  transferred  to  a  bag  or  press,  and  the  juice  allowed  to  flow  out 
spontaneously,  or  is  squeezed  out  under  pressure,  according  to  the  grade 
of  jelly  desired,  the  clearest  and  finest  varieties  being  made  from  the 
juice  that  flows  out  naturally.  This  juice  is  then  evaporated  down  with 
the  addition  of  sugar  to  a  density  of  from  30®  to  32°  Bd.,  which  is  of  the 
proper  consistency  to  form  a  perfect  jelly  product  after  cooling,  and,  wliile 
still  hot,  is  poured  into  the  tumblers  in  which  it  is  to  be  kepi.  Here,  as 
in  the  case  of  jams,  the  amount  of  sugar  varies,  some  using  pound  for 
l)oun(l,  and  others  only  half  as  much  sugar  as  fruit.  Sonu-  manufacturers 
clarify  their  jellies  l)y  mixing  with  the  juice,  while  boiling,  i-lutriated 
chalk,  using  a  teaspoonful  lo  each  quart  of  juice.  Tlie  impurities  come 
to  the  surface  with  the  chalk  as  a  scum,  antl  arc  hkimmed  olT.  This 
clarifying  process  is  somewhat  analogous  to  the  defecation  of  sugar  juices 
with  lime,  and  is  commonly  carried  out  with  aj)ple  jelly. 

The  "jellying"  or  gelatinizing  of  the  final  product  is  due  to  the  j^rescncc 
in  the  fruit  juice  of  pectin,  or  so-called  vegetable  jelly  {C22y^i^02^A^l'X))\ 
see  page  217. 

The  high  content  of  added  sugar  in  jelly,  once  thought  to  be  essential 
for  keeping  it,  is  now  no  longer  considered  nccessar}',  and  much  less  sugar 
is  at  present  added  than  formerly.  The  finest  grade  of  apple  jelly,  for 
instance,  is  made  without  any  added  sugar  whatever. 

In  making  the  better  grades  of  apple  jelly,  apple  juice  fresh  from 
the  press  is  run  directly  into  the  boiler  or  evaporator  before  any  fermenta- 
tion has  ensued,  and  gelatinized  by  concentration.  If  boiled  cider  is 
wanted  instead  of  jelly,  it  is  drawn  off  at  an  earlier  stage  than  in  the  case 
of  ap[)le  jelly. 

Composition  of  Known-purity  Jellies  and  Jams. — In  the  tables  on 
pj).  7 1. 1  and  715,  due  to  Tolman,  Munson,  ancl  Bigelow,*  are  gi-vcn 
results  reached  on  the  examination  of  the  [)ure  rini>he(l  jiroducts,  as  wrll 
as  on  pure  fruit  juices  anrl  pulp  used  in  their  manufacture. 

Adulteration  of  Jams  and  Jellies. — As  a  mailer  of  fact, a  small  pcnenl- 
age  of  these  i^roducts  sold  in  the  United  Slates  are  honest  j)n)lotypi's  of 
the  home- made  jams  11  nd  ji-llics,  which  consist  exclusively  of  I  lie  fruit 
sj)eciiled  on  the  lal)i*l,  in  mixture  with  pure  cane  sugar.  If  we  accept  as 
a  standard  the  ])ro(luci  of  tlie  housewife,  fully  go'"(;  of  the  ct)mnuTcial 
brands  of  the>e  preparations  would  be  found  wanting.  So  great  is  ihe 
demand  for  cheaj)  sweets  of  this  variety,  that  the  market  is  Hooded  with 
them  at  eight  and  ten  cents  per  half-pound    jar,  when    in    reality  abso- 

*  Jour.  Am.  Chetn.  Soc.  (igox),  pp.  349-351. 
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lutelr  pure  goods  cannot  be  produced  at  much  less  than  tn-ice  that 
amount. 

The  cheap  substitutes  are  made  up  largely  of  apple  juice  and  com- 
mercial glucose,  frequently  containing  no  fmit  whatever  of  the  kind 
specified  on  the  label.  Sometimes  an  attempt  is  made  to  imitate  the 
flavor  by  the  addition  of  artilicial  fruit  essences,  but  more  often  the  >ame 
apple-glucose  stock  mixture  of  jelly,  put  out  under  a  particular  brand, 
ser\cs  to  masquerade  as  damson,  strawberr>',  raspberrj',  cvrreni,  grapt, 
etc.,  differing  from  each  other  only  in  color,  but  not  as  a  rule  in  flavor, 
.\  variety  of  artificial  colors  are  employed,  mostly  coal-tar  (!yes.  To 
compensate  for  the  lack  of  sweetness  of  the  gKxose,  a  minute  quantity 
of  one  of  the  concentrated  swcelenen,  such  as  saccharin  or  dulcin,  is  ?orre- 
tinies  adde<i.  Besides  artificial  colors,  antiseptic  substances  are  coTimor.ly 
employe!!,  especially  salicylic  and  benzoic  acids. 

AH  grades  of  apple  stock  are  found  in  these  preparations.  ,\  large 
source  of  supply  is  furnished  by  the  parings  and  cores  of  canning  cstal- 
lishmenls,  to  say  nothing  of  the  refuse  of  these  factories,  such  materials 
being  boiled  wiih  water,  and  the  extract,  variously  colored  to  imitate  the 
different  frui.s,  being  evaporated  nith  commercial  glucose. 

Adulleralfd  Jelly. — WTiile  it  is  easy  to  make  an  excellent  apple  jelly 
by  simple  evaporation  of  the  pure  apple  juice,  even  without  ihc  addi:i<in 
of  sugar,  it  b  impossible,  or  at  least  difficult,  to  obtain  the  proper  dt-gn-e 
of  s:iffness  with  a  misiure  of  apple  stock  and  commercial  glucose.  It  is 
customan',  in  the  manufacture  of  cheap  jellies,  therefore,  to  employ 
wha;  B  technically  termed  a  " coagulator.'"  consbting  commonly  o{  .-ul- 
phuric  acid,  to  which  sometimes  alum  is  added.  Ci:ric  or  tartaric  acid 
is  also  used  for  this  purpose,  as  well  as  to  increase  the  acidity.     About 
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Adulterated  Jams. — ^Most  of  the  cheap  jams  and  bottled  preserves 
sold  on  the  market,  though  reinforced  with  apple  stock,  do  in  reality 
contain  masses  of  fruit  and  berries  of  the  kind  stipulated  on  the  label,  as 
even  a  casual  megascopic  examination  will  show.  That  such  low-priced 
preparations'  really  contain  genuine  fruit  pulp  is  not  to  be  wondered  at; 
when  it  is  considered  thai  much  of  the  virtue  of  this  fruit  has  sometimes 
been  previously  extracted  by  boiling,  to  produce  fruit  juices  for  higher- 
priced  goods.  Or,  as  in  the  case  of  jams  containing  strawberries,  rasp- 
berries, and  other  small  fruits  with  seeds,  the  juice  is  apt  to  have  been 
previously  expressed  for  pure  jellies,  while  the  rt-siduus  are  afterwards 
worked  up  with  aj)ple  Mock  for  low-priced  jams.  Hence  the  j)resence  of 
pun.'  fruil  stock,  or  genuine  l)erry  seeds  and  pulp  in  jams,  is  in  itself  no 
criterion  of  purity,  and,  furthermore,  it  is  unnecessary  to  use  hay  seed  and 
oiher  alleged  foreign  sced>  as  adulterants  of  cheaf)  jam. 

Compound  Goods. — ^^any  states  have  a  law  legalizing  the  sale  of 
"compound"  goods,  ])roviding  they  are  distinctly  so  labeled.  In  other 
states,  as,  for  instance,  Massachusetts,  the  label  must  j^hiinly  state  the 
name  and  percentage  of  the  ingredients.  In  either  case  the  analyst  must 
discriminate,  in  classifying  the  inferior  or  low-grade  preparations,  between 
those  that  are  labeled  in  accordance  with  the  law,  and  those  that  are  not. 
Only  those  not  properly  labeled  can  in  such  cases  be  classed  as  adulter- 
ated within  the  meaning  of  the  law.  Where  such  a  law  prevails,  probably 
no  class  of  food-products  is  so  extensively  affected  by  it  as  the  low-grade 
jams,  preserves,  and  jellies. 

The  restrictions  as  to  la])eling  do  not  in  all  cases  eliminate  the  element 
of  decei)tion.  It  is  hardly  justifiable,  for  example,  to  boldly  label  an 
alleged  ''currant  jelly"  which  ccmtains  no  currant,  in  the  following  man- 
ner: 

Fruit    juice 25% 

Cane  sugar M% 

Corn  >yrup ^1% 

100'  ^^ 

The  u>e  of  the  term  ''fruit  juice"  surely  imjjlies  to  the  unsusj)ecting 
purchaMT  that  so  much  pure  currant  juice  has  entered  into  the  jelly,  else- 
where lalnlcd  in  large  letters  'Xurrant,"  whereas  all  the  juice  is  apple, 
and  no  currant  juice  has  been  used. 

The  following  label  is  a  type  of  those  which  discriminate  between  pure 
fruit  and  ap|>le  juice: 
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Fruit 

Com  syrup 

Granulated  sugar.  . 
Apple  juice 


30% 

35% 
15% 
20% 


100% 

Composition  of  Cheaper  Grades. — Out  of  66  samples  of  jellies,  jams, 
and  preserves  analyzed  by  Winton,  Langley,  and  Ogdcn  in  Connecticut, 
the  samples  being  purchased  in  that  slate,*  17  samples  contained  starch 
paste,  35  were  artificially  colored  with  coal-tar  dyes,  and  19  contained 
salicylic  or  benzoic  acid. 

The  following  table  has  been  compiled,  showing  the  sugar  con.ent  of 
some  of  the  typical  commercial  jellies  and  jams  analyzed  in  the  laboratorj' 
of  the  Massachusetts  Stale  Board  of  Health.  Nearly  all  of  these  \wtk 
artificially  colored,  and  found  to  contain  little  if  any  fruii,  other  than  apple. 


At  10°  C. 

At  8,'  C. 

Suemc. 

GIUCOK. 

JELLV. 

+  64.0 
+  39.2 
+  41.6 

+  36-0 

9 

B 

+  34 

+  111.0 

+  93-6 

57-4 

JAW. 

+  t»-t-4 
+  90. q 
+  «-5 
+  4J-fi 

3F-* 

+  95-' 
+  9g.o 
+  49-'' 

11 

^H 
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employed,  as  well  as  their  approximate  proportion  in  the  products  exam- 
ined. 

Total  Solids. — ^Ten  grams  of  the  jam,  which  has  been  evenly  pulped 
in  a  mortar,  or  5  grams  of  the  jelly,  are  weighed  into  a  tared  platinum 
dish,  taking  care  to  spread  the  sample  as  thinly  as  possible  over  the  bot- 
tom of  the  dish,  and  dried  to  nearly  a  constant  weight  at  100°.  Results 
yielded  by  this  method,  while  sufficiently  close  for  ordinary  work,  are  not 
exact,  due  to  the  slight  dehydration  of  the  sugars.  If  extreme  accuracy 
is  required,  dry  in  vacuo  at  75°  C,  or  in  a  McGill  oven,  page  481. 

Soluble  and  Insoluble  Solids. — A  weighed  amount  of  the  evenly  pulped 
samj)le,  say  25  grams,  is  vigorously  shaken  in  a  500-cc.  graduated  flask 
wi  h  water,  preferably  with  the  aid  of  a  mechanical  shaker,  and,  after 
filling  to  the  mark,  is  again  shaken.  The  residue  is  allowed  to  settle,  and 
the  supernatant  liquid  is  decanted  through  a  i'llter,  and  an  aliquot  portion 
of  the  t'lltrate,  say  50  cc,  is  measured  into  a  tared  dish  and  evaporated  to 
dryness,  dried  at  100°  to  a  constant  weight,  and  weighed  for  soluble  solids. 
Insoluble  solids  are  calculated  by  dIfiEerence. 

Ash. — The  residue  from  the  total  solids  Is  burnt  at  dull  redness  to  an 
ash,  cooled  in  a  desiccator,  and  weighed. 

Nitrogen  is  determined  by  the  Gunning  method,  page  61,  in  from 
5  to  10  grams  of  the  uniformly  mixed  sample. 

Determination  of  Sugars. — ^In  products  of  the  highest  grade, 

wherein  only  cane  sugar  is  employed,  a  large  portion  of  the  cane  sugar 
is  inverted  in  the  process  of  boiling  the  jam  or  jelly,  so  that  when  the 
analyst  examines  it,  he  finds,  as  a  rule,  only  a  small  amount  of  sucrose, 
and  considerable  invert  sugar.  It  is  possible,  however,  to  calculate  the 
amount  of  cane  sugar  originally  employed,  if  such  information  is  desir- 
able. It  is  further  of  interest  to  calculate,  at  least  approximately,  :he 
percentage  of  commercial  glucose,  when  present,  especially  in  cases  where 
the  package  contains  a  formula  setting  forth  the  amount  of  the  various 
ingredients  used.  In  sucli  cases  the  analyst  is  naturally  called  upon  to 
verify  the  formula,  since  a  wide  variation  in  percentage  composition  from 
the  statement  on  the  label  would  constitute  an  olTense  under  some  state 
laws. 

Polarization. — Use  half  the  normal  weight  of  the  preserve  or  jelly  for 
the  Schmidt  and  Haensch  instrument,  viz.,  13.024  grams  in  100  cc.  If 
fresh  fruit  or  fruit  juice  is  to  be  examined,  use  the  full  normal  weight, 
26.048  grams.  Clarify,  Ix'fore  making  up  to  the  mark,  wivh  subacetatc  of 
lead  and  alumina  cream  (using  2  to  3  cc.  of  each  clarifier),  filler,  and 
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obtain  the  direct  reading;  then  invert  in  the  usual  manner,  and  ob'.ain 
the  invert  readings  at  20°  C,  and  in  the  water-jacketed  tube  at  87°  C, 
proceeding  in  detail  as  directed  under  honey,  p.  515. 

Calculation    of    Sugars. — Sucrose  is  determined  by  using  Clergct's 
ibnnub: 

(a-&)ioo 


(I) 


144-  — 


This  represents  the  sucrose  actually  present  as  such  in  the  presen'e 
or  jelly,  and  not  the  amount  originally  used.  If  the  latter  is  desired,  it 
may  be  calculated  from  the  formula. 


looft 


(2) 


where  S'  is  the  per  cent  of  cane  sugar  originally  used,  and  h  is  the  invert 
reading  al  f  of  the  normal  solution. 

If,  afier  inversion,  the  correct  reading  at  ao°  is  found  to  be  10  or  more 
to  the  left  of  the  zero,  it  can  be  safely  inferred  that  no  appreciable  amount 
of  commercial  glucose  is  present,  and  it  is  unncccssan-  to  make  a  third 
leading  at  87°,  unless  to  confirm  the  fact.  In  such  a  case,  with  cane  sii{;ar 
alone  present,  ihe  reuiling  at  87°  will  no'.,  of  course,  var>-  much  from  o. 

Invvrt  Sugar. — In  the  absence  of  commercial  glucose,  the  invert  sugar 

is  calculated  as  follows: 

(Sucrose  — direct  reading)  lo:;.! 
Invert  sugar==^ ^ — ^,    .     .     .     (j) 
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(Reading  due  to  glucose  and\  _  /Invert  readingX 
inverted  sucrose  at  /°      /     \         at  /°         / 
inven  sugar- -; ^sT ^ ^^S-S     (4) 

4(44—) 

These  formulas,  (3)  and  (4),  serve  at  best  to  indicate  the  approximate 
amount  of  invert  sugar  present  in  the  sample,  resulting  from  the  inver- 
sion of  a  portion  of  the  original  sucrose  in  the  natural  process  of  manu- 
facture of  the  jam  or  jelly,  and  not  the  total  invert  sugar  resulting  from 
the  inversion  bv  the  analvst  of  all  the  sucrose. 

The  factor  105.3  i^  used,  since,  in  the  natural  process  of  inversion,  100 
pans  of  sucrose  become  105.3  P-^rLs  of  invert  sugar. 

Example, — The  invert  sugar  in  the  sample  of  apple  jelly  first  on  the 
list  in  the  table  on  page  718  is  calculated  as  follows: 

Invert  reading  at  f  (20°)  =  28.0. 

Reading  due  to  glucose  at  20°  =  .22iX  175  =  38.68. 

*'  *'    *'  inverted  sucrose  at  20°  =  .268X  —34=  — 9.11. 

(38.68 -o.it) -28 

Invert  sugar =-^^ ioS«3 

34 

=  4.86%. 

Reducing  Sugar  by  Copper  Reduction.*  —  Five  grams  of  the  pre- 
ser\'e  or  jelly  (or  25  grams  of  the  fresh  fruit  or  fruit  juice)  are  transferred 
to  a  100  cc.  graduated  flask,  clarified  by  the  addition  of  2  or  3  cc.  each 
of  subacetate  of  lead  and  alumina  cream,  made  up  to  the  mark,  shaken, 
and  filtered.  An  alicjuot  part  of  the  filtrate  is  then  measured  into  another 
100  cc.  flask,  and  treated  with  enough  of  a  saturated  solution  of  soMium 
sul])hatf  to  ])re(i])itat('  \W  k-ad,  af.er  which  it  is  made  u])  to  tlie  mark  and 
llltered.  Tlie  amount  of  sui^ar  solution  measured  olT  into  the  second  tlask 
is  >ueh  tliat,  \vlien  llnally  made  up  to  100  cc.  as  described,  aj)])roximalely 
.\  of  \^  ]  of  redueini^  >ULCar  is  j)resent,  as  rou,i^lily  estimated  l)y  ih;-  lotal 
solids  and  polarization-.  The  reducing;  suij;ar  is  then  deiermined  in 
the  I'lhrate  as  dextrose  by  Defren's  method,  ])a<;e  .j<S(),  or  if  Allihn's 
method  is  usi-d  (]).  .\i)\)  the  amount  of  reducing  sugar  present  sliould 
aj)proxinKiie   1'  ,' . 

Commercial  Glucose.  —While  it  is  impossible  to  determine  the  exact 
percentage  of  this  sul;>tance  in  preserves  and  jellies,  by  reason  of  the 
var}^ing  composition  of  i;s  component  parts,  it  is  quile  feasible  to  ai)i)rox- 
imale   very   closely   to   the   amount   present.     Indeed,  this   approximate 

Mm      I  ■■  -^^ -  .  ■    ■  ■  .  -   —  — 

*  U.  S.  Dfpt.  of  Agric,  Bur.  of  Chcm..  Bui.  65,  p.  78. 
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method  of  calculation,  wherein  glucose  is  treated  as  a  chemical  entity, 
has  been  found  in  practice  to  be  much  more  close  to  the  actual  truth 
than  results  gained  by  methods  wherein  the  copper  reducing  power  enters 
as  a  factor,  or  methods  for  determining  separately  dextrin,  maltose,  and 
dextrose.  Calculate  the  commercial  glucose  in  jellies  and  jams  exactly 
as  in  th6  case  of  honey,  p.  514. 

Dextrin.* — If  alcohol  be  added  to  a  somewhat  thick  solution  of  the 
fruit  product,  a  white  turbidity  is  at  once  apparent,  followed  by  the  forma- 
tion of  a  thick  gummy  precipitate,  if  dextrin  is  present.  In  the  absence 
of  dextrin  there  is  no  turbidity,  but  a  light  flocculent  precipitate. 

Todetermine  the  dextrin,  dissolve  f  10  grams  of  the  sample  in  a  loo-cc. 
flask;  add  20  mg.  of  potassium  fluoride,  and  then  about  one-quarter 
of  a  cake  of  compressed  yeast.  Allow  the  fermentation  to  proceed  below 
25°  C.  for  two  or  three  hours  to  prevent  excessive  foaming,  and  then 
place  in  an  incubator  at  a  temperature  of  from  27°  to  30"  C.  for  five  days. 
At  the  end  of  that  time  clarify  with  lead  subacetate  and  alumina  cream ; 
make  up  to  100  cc.  and  polarize  in  a  200-mm.  tube,  A  pure  fruit  jelly 
will  show  a  rotation  of  not  more  than  a  few  tenths  of  a  degree  either  to 
the  right  or  to  the  left.  If  a  Schmidt  and  Haensch  polariscopc  be  used, 
and  a  icf'/c  solution  be  polarized  in  a  200-mm.  tube,  the  number  of  degrees 
read  on  the  sugar  scale  of  the  instrument,  multiplied  by  0.8755,  will  give 
the  percentage  of  dextrin,  or  the  following  formula  may  be  used: 


.^XLXW 
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beaker  with  the  glass  stirring-rod  to  start  the  crystallization  of  the  potas- 
sium bitartrate.  Allow  to  stand  fifteen  hours  at  room  temperature. 
Filter,  and  wash  the  precipitate  into  a  Gooch  crucible  with  a  thin  asbestos 
felt,  using  the  vacuum  pump.  Wash  with  a  mixture  of  15  grams 
of  potassium  chloride,  20  cc.  of  alcohol,  and  100  cc.  of  water.  The 
beaker  is  rinsed  three  times  with  a  few  cubic  centimeters  of  this  solution. 
The  precipitate  is  also  washed  with  a  few  cubic  centimeters,  but  so  that 
not  more  than  20  cc.  in  all  of  the  wash  solution  is  used.  The  precipitate 
and  asbestos  filter  are  washed  back  into  the  beaker,  and  heated  to  boiling. 
While  still  hot,  the  solution  is  titrated  with  decinormal  alkali,  using 
phen()l])hthalein  as  indicator.  To  the  amount  of  alkali  used  must  be 
added  15  cc.  for  the  ])()tassium  bitartrate  remaining  clissolved  in  the 
solution.  I  cc.  of  decinormal  alkali  is  ecjuivalent  to  0.0150  grams  of 
tartaric  acid. 

Determination  of  Citric  Acid.* — Fifty  cubic  centimeters  of  the  fruit 
solution  is  eva]:)orated  on  the  water-bath  to  a  syrupy  condition.  To 
the  residue  add,  very  slowly  at  first,  stirring  constantly,  95^^  alcohol 
until  no  further  precipitate  is  formed;  70  to  80  cc.  are  generally  enough. 
Filter,  and  wash  the  residue  with  95%  alcohol.  Evaporate  the  filtrate 
to  eliminate  the  alcohol,  take  up  the  residue  with  a  little  water,  and 
transfer  to  a  graduated  cylinder,  making  up  to  10  cc.  To  5  cc.  of  this 
solution,  add  half  a  cubic  centimeter  of  glacial  acetic  acid,  and  to  this 
add,  drop  by  drop,  a  saturated  solution  of  lead  acetate.  The  presence 
of  citric  acid  is  shown  by  the  appearance  of  a  precipitate,  which  possesses 
the  property  of  disappearing  on  being  heated,  and  reappearing  on  cooling. 
In  order  to  separate  the  citric  acid  from  other  acids,  heat  to  boiling,  filter, 
and  wash  with  boiling  water;  then  allow  to  cool,  and  the  precipitate  of 
lead  citrate  will  re-form.  This  lead  precipitate  may  be  liliered  (;tT, 
washed  with  WTak  alcohol,  dried,  weighed,  and  the  citric  acid  calculated. 
It  i>^  necessary  that  there  shall  be  no  tartaric  acid  ];resent.  If  the  tartaric 
acid  has  been  estimated,  anv  error  on  this  ac(X)unt  mav  be  avoided  bv 
adding  enough  decinormal  ])otash  to  neutralize  the  tartaric  acid  before 
the  alcohol  is  added. 

Detection  of  Coloring  Matter. — Boil  white  woolen  cloth  or  worsted 
in  a  solution  of  the  jelly  or  jam,  acidified  with  hydrochloric  acid,  or  with 
acid  sulphate  of  j)otassium,  according  to  Arata's  methcjd  and  test  for 
the  color  on  ;he  dyed  fabric  by  methods  given  in  detail  in  Chapter  X\'I. 


*  M()slin<^er,  Zt^it.  Untcr.  Nahr.  u.  Genuss.,  1899,  2,  p.  93;    U.  S.  Dept.  of  Agric,  Bur. 
of  Cbem.,  Bui.  65,  p.  80. 
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•  Detection  of  PreserrfttiTes  and  Concentrated  Sweetenera. — Eictract  an 
add  aqueous  solution  of  the  fruit  product  with  ether  or  chloroform  in 
a  scparatoiy  funnel,  and  test  for  benzoic  and  salicylic  acids  and  for  sac- 
charin in  the  ether  extract.  If  dulcin  is  suspected,  extract  with  acetic 
ether. 

Detection  of  Starch.* — Heat  an  aqueous  solution  of  the  pre5er\-e 
or  jelly  nearly  to  the  boiling  point,  and  decolorize  by  the  addition  of  several 
cubic  centimeters  of  dilute  sulphuric  acid  and  afterwards  permanganate 
of  potassium.  This  treatment  does  not  affect  the  starch,  which  is  tested 
for  with  iodine  in  the  ordinary  manner  in  the  solution  after  cooUng.  In 
the  clear  filtrate  from  a  boiled  apple  pulp  solution,  free  from  added  starch, 
little  or  no  darkening  should  occur  on  the  addition  of  the  iodine  reagent. 
If,  however,  the  reagent  is  added  to  the  residue  of  the  previously  boiled 
pulp,  the  presence  of  starch  inherent  in  the  apple  is  usually  recognized 
by  the  blue  color  produced  thereon. 

The  presence  of  any  considerable  addtd  starch  paste  in  a  fruit  prepa- 
ration is  thus  readily  indicated  by  an  intense  blue  color  obtained  by  adding 
the  iodine  reagent  to  the  iiltrate  (free  from  fruit  pulp). 

Detection  of  Gelatin. — Robin's  Metlwd.\ — Add  to  a  thick  aqueous 
solution  of  the  preserve  or  jelly  sufficient  strong  alcohol  to  precipitate 
the  gelatin.  Decant  thf  supernatant  liquid  after  settling,  set  aside  pan 
of  the  precipitate,  and  dissolve  the  remainder  in  water.  Divide  the  latter 
solution  in  two  parts,  to  one  of  which  add,  drop  by  drop,  a  fresh  solution 
of  tannin,  which  precipitates  gelatin  if  present.  To  ihc  remainder  add 
picric  acid  solution,  which  in  presence  of  gelatin  forms  a  yellow  precip- 
itate. The  portion  of  the  yellow  precipitate  set  aside  is  transferred  to 
a  test  tube,  and  heated  over  the  (lame  with  a  little  quicklime.      If  gelatin 
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sediment  is  examined  by  the  microscope  for  diatoms,  which  will  be  found 
in  large  numbers  if  agar  agar  has  been  used. 

Detection  of  Apple  Pulp. — ^A  distinct  clue  to  the  presence  of  apple 
pulp  in  fruit  preparations  is  often  furnished  by  the  characteristic  apple 
odor  given  oflF  when  ^  small  amount  of  the  sample  is  heated  to  boiling 
with  water  in  a  test  tube.  Under  such  conditions,  the  apple  odor  is  quite 
apparent,  as  distinguished  from  that  of  other  fruits,  especially  if  the 
apple  is  the  chief  fruit  present,  or  predominates  in  the  mixture. 

Apple  pulp  in  fruit  preserves,  free  from  added  starch,  may  usually 
be  recognized  by  a  microscopical  examination,  using  iodine  rcagcnl. 
The  cell  contents  of  the  f)ulp  will  show  the  characteristic  blue  color, 
undoubtedly  due  to  portions  of  unconverted  starch  still  remaining  in 
them. 

Detection  of  Fruit  Tissues  under  the  Microscope. — It  is  a  matter 
of  some  difficulty,  by  means  of  a  microscopical  examination,  to  identify 
with  certainty  the  various  fruits  and  vegetables  that  might  be  used  in 
a  jam  or  jelly  as  adulterants.  The  structural  features  of  the  common 
fruits,  while  possessing  distinctive  points  of  diflFerence  when  examined 
separately  and  in  the  raw  products,  are  so  changed  or  broken  down  by 
the  process  of  cooking,  as  to  be  with  difficulty  recognizable.  The  soft 
parenchyma  which  forms  the  main  portion  of  the  tissue  of  the  fruit  pulp 
is,  as  a  rule,  more  or  less  disintegrated. 

In  the  case  of  some  of  the  smaller  fruits,  as  the  currant  and  raspberry, 
the  cuticles  resist  the  cooking  process  to  such  an  extent  as  to  show  charac- 
teristic fragments,  often  recognizable  in  preserves  and  jellies  under  the 
microscope. 

FRriT  JUICES. 

Sweet  rider,  orange  jui(i',  lime  juice,  grape  juice,  raspberry  shrub, 
and  the  juieis  of  various  other  fruits  and  l)erries,  may  be  so  i)repari'd 
and  steriH/ed  as  to  kre])  williout  fermentation  when  bottled,  and  arc- 
so  j)Ul  up  in  con>iderable  variety,  either  with  or  without  the  addition  of 
sugar. 

Such  ])reparation<,  if  of  the  highest  purity,  should  consist  of  iIk- 
undiluted  juices  of  ihe>e  fruits,  separated  by  pressure  and  carefully  sUr- 
ilized  and  bottled.  They  should  contain  no  other  fruit  juice  than  that 
specified  on  their  labels,  and  should  be  free  from  alcohol,  added  antisep- 
tics, or  coloring  matter,  unless  the  label  specifies  the  presence  of  the  added 
foreign  materials.     The  addition  of  pure  cane  sugar  to  such  prepara- 
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tions  as  grape  juice  is  allowable,  as  well  as  charging  with  carbon  dioxide 
to  form  so-called  carbonated  drinks. 

The  following  analyses  of  pure  fniit  juices  arc  taken  from  tablets 
prepared  by  Winton,  Ogdcn,  and  Mitchell,  showing  results  on  samples 
purchased  in  the  Connecticut  market,  as  well  as  off  some  samples  made 
in  the  laboratory.* 


S-3» 
'4-.W 

B&"uVr;"r.i:: :::::; 

'■''■-8 

'8.^7 

5-69 

13.70 
8.94 

MAnE    IS-    LABORA- 

Red  raspberry 

PtoMnple 

Antisepiks  found   most   commonly   in 
.salicylic,  benzoic,  and  sulphurous  acids. 


these  preparations  are   boric, 
Beta-naphlhol  should  also   be 
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Grape  juice  is  prepared  by  sterilizing  at  a  temperature  of  80°  the 
juice  expressed  from  the  crushed  grapes,  filtering  by  means  of  a  press 
or  otherwise,  and  sealing  in  carefully  sterilized  bottles.  After  bottling, 
a  final  sterilization  is  conducted  at  a  temperature  5°  below  the  first. 
Bottled  grape  juices  are  rarely  carbonated. 

Bottled  Sweet  Cider. — ^The  composition  of  pure,  freshly  expressed 
apple  juice  is  shown  by  the  following  table  of  analyses  by  Browne:* 


ST>ei:iric 
Gravity 


Solids. 


Red  astrachan i  .05  ^2 

l*>arlv  harvest ,  i.o^s^ 
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8, 
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6 .  q6 
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Siujar 

afttr 


Loft- 

h  an  lied 

Rotation 

Df'i/rees 

VtMitzke 

4<io  T:iin. 
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23-72 
24.32 

30.40 
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40 .  GO 


Bottled  sweet  cider,  properly  sterilized,  should  not  differ  materially 
from  the  fresh  juice,  and  should  contain  no  alcohol. 

Salicylic  acid  is  the  antiseptic  most  commonly  found  in  sweet  bottled 
ciders  examined  by  th{^  writer. 

Lime  or  Lemon  Juice. — ^This,  according  to  the  U.  S.  Pharmacopoeia, 
should  consist  of  I  he  freshly  expressed  juice  of  the  ripe  fruit  of  Citrus 
limonum  (Risso),  natural  order  of  Rutaccae.  Our  supply  of  both  lenions 
and  linu'S  comrs  cliit-lly  from  the  West  Indies  and  the  MrdiUTrancan. 
B(>:h  varit'tii's  of  tlic  grnus  Citrus  are  u.sed  indiscriminately  for  furnish- 
ing commercial  lime  juici-,  lhoii,tJ!;h  strictly  sj)caking,  only  that  (">(  the 
lemon  i^  rccoi^nizcd  in  ihc  Pharmacopcria.  The  juice  is  sharj)iy  acid, 
and  is  lari^ely  compor-cd  of  citric  acid  (about  7^^,  ),  fz;um,  sii.i^ar  ('3  to 
4  ])cr  ci-nl ),  and  inorganic  salts  from  2  to  2',  jht  cent.  It  al>o  usually 
contains  a  little  li-mon  oil  froni  the  rind.  According  to  tlie  ])harmacoj)(eia, 
lemon  juice  [Lcmonis  sucnis)  should  conform  to  the  following  recjuire- 
ments: 

**SpeciI"ic  gravity:    not  less  than  1.030  at  15°  C. 

"It  has  an  acid  reaction  upon  litmus  paper,  due  to  the  presence  of 
about  7%  of  citric  acid. 


♦  Pcnn.  Dcpt.  Agric,  Bui.  58,  p.  29. 
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"On  evaporating  loo  grains  of  the  juice  to  dryness,  and  igni'.ing  ihe 
residue,  not  more  than  0.5  gram  of  ash  should  remain," 

Of  thirty  samples  of  commercial  lime  juice  examined  in  the  Massa- 
chusetts State  Board  of  Health  laboratory,  representing  fifteen  brands, 
all  were  deficient  in  citric  acid,  containing  from  i.ga  to  4.15  per  cent, 
thus  showing  that  these  preparations  arc  frequen.ly  watered,  Fif;ft'n 
were  found  to  contain  salicylic  acid,  seven  had  sulphurous  acid,  while 
two  contained  both  these  preservatives.  Several  were  found  colored 
with  coal-tar  dyes. 

One  sample  examined  by  the  author,  purporting  to  be  a  "pure  West 
Indian  Lime  Juice,  triple  refined,"  proved  to  be  a  mixture  of  hydrochloric 
and  salicylic  acids,  colored  with  a  coal-tar  dye,  and  contained  no  lime 
juice  whatever. 

Acidity  of  lime  juice  is  obtained  by  titrating  6.S  cc.  of  the  sample 
against  tenth-normal  sodium  hydroxide  with  phenolphthalein.  The  num< 
ber  of  cubic  centimeters  of  the  standard  alkali  required,  divided  by  10, 
gives  the  per  cent  of  citric  acid  present. 

FBUIT  SYBDPS. 
Two  classes  of  these  preparations  are  on  the  market,  one  for  use  in 
soda-fountains,  and  one  for  "family  trade,"  intended  as  a  basis  for 
sweetened  drinks  to  be  diluted  with  water  and  sugar.  Some  are  made 
exclusively  from  pure  fruit  pulp  and  sugar,  sterilized  by  heating  and  put 
up  in  tightly  sealed  bottles,  while  others  of  the  cheaper  variety  arc  more 
apt  to  be  entia'ly  artificial  both  in  color  and  in  flavor,  deriving  the  latter 
principally  from  the  wide  variety  of  artificial  fruit  essences  now  available. 
Commercial  glucose  is  a  frequent  ingredient.  The  same  classes  of  coal- 
.L-s  and  nnliscplics  are  found  in  these  preparations  as  in  the  other 
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is  comparatively  insignificant.  These  two  favorite  essences  are  employed 
in  nearly  every  household,  and  form  a  necessary  adjunct  to  almost  all 
forms  of  desserts,  cakes,  and  confections,  as  well  as  to  a  wide  variety 
of  commercial  preparations. 

Vanilla  Extract. 

The  Vanilla  Bean  is  the  source  of  pure  vanilla  extract,  besides  being 

used  in  chopped  form  directly  as  a  flavoring  agent.     It  is  the  fruit  of 

■  

the  plant  of  the  Vanilla  planijolia,  or  flat-leaved  vanilla.  This  climl)ing, 
perennial  j)lant  belongs  to  the  orchid  family,  and  is  indigenous  to  Central 
and  South  America  and  the  West  Indies,  but  by  far  the  highest  prized 
beans  are  cultivated  in  Mexico.  While  different  varieties  ditTcr  in  some 
details,  the  best  cured  beans  of  commerce,  as  a  rule,  are  from  20  to  25  cm. 
in  length  and  from  4  to  8  mm.  thick,  drawn  out  at  their  ends  and  curved 
at  the  base.  They  are  rich  dark  brown  in  color,  of  a  soapy  or  waxy 
nature  to  the  touch,  deeply  rifted  lengthwise,  and  covered  with  fine  frost- 
like crystals  of  vanillin.  When  cut  crosswise,  the  bean  exudes  a  thick, 
odorless  juice,  containing  calcium  oxalate  crystals. 

The  cross-section  of  the  bean  is  ellipsoidal  in  shape.  The  thick 
brown  walls  inclose  a  triangular  cavity,  in  which  are  the  lobed  placentas. 
Between  these  are  papillae,  secreting  a  finely  granular,,  yellow,  balsam- 
like substance  that  contributes  much  to  the  flavor  of  the  extract,  and 
helps  to  give  the  cut  bean  its  delicious  odor. 

When  first  gathered,  the  beans  are  yellowish  green,  fleshy,  and  with- 
out odor,  developing  their  peculiar  consistency,  color,  and  smell  by  the 
process  of  fermentation  or  ''sweating,"  which  differs  in  various  countries. 
According  to  the  best  methods  the  beans  are  sun-dried  for  nearly  a  month, 
being  aUernately  pressed  lightly  between  the  folds  of  blankets,  and 
cxj)osed  to  the  air.     After  the  curing,  they  are  packed  in  bundles. 

Quicker  me! hods  of  curing  consist  of  the  use  of  artificial  heat  and 
calcium  chloride  for  drying,  but  the  products  so  prepared  are  considered 
inferior  in  quality. 

The  Mexican  vanilla  beans  are  of  the  choicest  grade,  and  command 
a  high  price,  varying  from  ten  to  fifteen  dollars  per  pound.  The  Bourbon 
beans,  grown  in  the  Isle  of  Reunion,  are  next  in  grade.  These  beans 
are  shorter  than  the  Mexican  and  much  less  expensive.  They  resemble 
the  Tonka  bean  in  odor.  Beans  from  Seychelles  and  Mauritius  are 
even  shorter  than  the  Bourbon  beans,  and  are  largely  exported  to  England. 
The  cheapest  varieties  are  those  from  South  America  and  Tahiti,  which 
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do  not  bring  half  the  price  of  the  Mexican  beans,  and  the  so-called 
"vanillons,"  or  beans  of  the  wild  or  uncultivated  vanilla  plants.  These 
latter  are  used  more  in  sachet  powders  and  perfumes,  possessing  an 
odor  not  unlike  heliotrope. 

Compotitioa  of  the  Vanilla  Bean.— The  following  are  results  of  the 
analyses  of  two  varieties  of  vanilla  beans,  according  to  Konig: 


Water. 35 .85 

Nitrogen  bodies 4.87 

Fat  and  wax 6.74 

Reducing  sugar 7 .07 

Non-nitrogen  substances 30-50 

Cellulose ig.6o 

Ash 4.73 


30 


53 


Vanillm, — Under  "non-nitrogen  substances"  in  the  above  table  are 
included  vanillin,  the  principle  lo  which  vanilla  owes  its  peculiar  odor. 
ThLs  body  {C,HbO,)  is  the  methyl  ether  of  protocatechuic  aldehyde,  and 
is  found  on  the  surface  of  the  bean  in  fine  cr)-stallinc  needles.  It  has  a 
shar])  but  pleasant  flavor,  is  soluble  with  difiiculty  in  cold  water,  but 
readily  soluble  in  hoi  water,  ether,  alcohol,  and  chloroform.  Its  meliing- 
poinl  is  80°  lo  81°  C.  and  it  sublimes  at  280°.  It  is  present  in  vanilla 
beans  lo  an  amount  varj'ing  from  i  to  aj  jjcr  cent,  and  ii  is  a  curious  fact 
that  varieties  of  bean  most  highly  prized  [tosscss  the  least  vanillin.  This 
is  shown  by  Tiemann  and  Harmann  as  follows: 

Mexican  Ixans i  -6g'~J  vanilhn 

Bourbon  beans 2 .4.S''-(;        " 
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Exhausted  Vanilla  Beans  are  sometimes  found  on  sale,  which  have 
been  deprived  of  their  vanillin  by  being  soaked  in  alcohol,  after  which 
they  are  coated  with  some  artificial  substitute,  presenting  the  same  frosty 
appearance  as  the  natural  vanillin  crystals.  This  may  be  accomplished 
by  rolling  the  beans  in  benzoic  acid.  Benzoic  acid  cr)^stals  are  readily 
distinguished  from  those  of  vanillin  under  the  microscope.  • 

Composition  of  Vanilla  Extract. — ^Vanilla  extract  is  a  dilute  alcoholic 
tincture  of  the  vanilla  bean,  sweetened  by  cane  sugar.  To  be  perfectly 
fjure  it  should  contain  no  other  added  substances,  with  the  possible  excep- 
tion of  glycerin,  and  many  of  the  best  brands  are  free  from  this.  In 
practice  ii  is  variously  i)repared,  but  the  following  method  of  the  U.  S. 
Pharmacopoeia  is  a  typical  one: 

"Vanilla,  cut  into  small  ])ieces  and  bruised,   100  grams. 

"Sugar,  in  coarse  powder,  200  grams. 

"Alcohol  and  water,  each,  a  sufficient  quantity  to  make   t,ooo  cc. 

"Mix  alcohol  and  water  in  the  proportion  of  650  cc.  of  alcohol  to 
350  cc.  of  water.  Macerate  the  vanilla  in  500  cc.  of  this  mixture  for 
twelve  hours,  then  drain  off  the  liquid  and  set  it  aside.  Transfer  the 
vanilla  to  a  mortar,  beat  it  with  the  sugar  into  a  uniform  powder,  then 
pack  it  in  a  percolator,  and  pour  upon  it  the  reserved  liquid.  When  this 
has  disappeared  from  the  surface,  gradually  pour  on  the  menstruum, 
and  continue  the  percolation,  until  1,000  cc.  of  tincture  arc  obtained." 

The  best  extracts  are  produced  by  allowing  the  cut  beans  to  macerate 
in  the  alcohol  for  several  months. 

Five  vanilla  extracts,  made  by  Winton  and  Silverman  from  beans 
of  (lifTerent  grades,  strictly  according  to  the  pharmacopncial  formula 
as  above,  were  analy/cd  by  them  with  the  following  results: 
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Vanillin  Content, — The  writer  has  found  in  his  examination   of  a 
large  number  of  brands  of  vanilla  extract  that  gave  every  indication  of 
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purity  that  the  content  of  vanillin  varied  (rom  0.05  to  0.200  per  cent. 
It  is  rare  that  a  pure  extract  will  show  more  vanillin  than  the  latter  figure, 
though  one  of  Winton's  extracts  runs  as  high  as  0.215.  The  writer  has 
found  extracts  showing  0.250  of  vanillin,  but  believes  them  to  have  been 
reinforced  with  the  artificial  substance.  It  is  true  that  the  vanillin  con- 
tent docs  not*  determine  altogether  the  value  of  the  extract,  which  depends 
quite  as  much  for  its  virtue  as  a  flavor  upon  the  various  resinous  and 
other  extractive  matters  which  it  contains,  as  upon  the  actual  amount  of 
vanillin  present. 

Use  of  Alkali. — Some  manufacturers  employ  dilute  alkali,  gcnerallj' 
potassium  bicarbonate,  to  aid  in  dissolving  out  the  resinous  matter  from 
the  bean,  and  to  enable  them  to  use  a  more  dilute  alcohol.  The  resulting 
product  made  by  this  process  is  distinctly  inferior,  both  in  taste  and  odor. 

Alcohol  in  pure  extracts  varies  between  the  limits  of  20  and  40  per  cent. 

The  TOHEA  BEAIT  forms  the  basis  of  many  of  the  cheaper  so-called 
vanilla  extracts  on  the  market.  It  is  the  seed  of  the  larre  tree,  native  to 
Guiana,  known  as  Diplerix  (or  Coumaronna)  odorata.  The  pods  are 
almond-shaped,  and  contain  a  single  seed,  from  3  to  4  cm.  long,  sha[>ed 
like  a  kidney  bean,  of  a  dark-brown  color,  having  a  thin,  shiny,  rough, 
brittle  skin,  and  containing  a  two-lobed  oily  kernel. 

Coumarin  (C,H,0,),  the  active  principle  of  the  Tonka  bean,  is  the 
anhydride  of  coumaric  acid.  It  occurs  in  the  crystallme  state  between 
the  lobes  of  the  seed  kernel.  Coumarin  occurs  also  in  many  other  plants. 
It  may  be  extracted  from  the  beans  by  treatment  with  alcohol.  It  crys- 
tallizes in  slender,  colorless  needles,  raclling  at  67"  C.  Il  has  a  fragrant 
odor  and  burning  taste.  It  is  ver^'  slightly  soluble  in  cold  water,  but 
readily  soluble  in  hot  water,  ether,  chloroform,  and  alcohol.     One  pound 
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The  Adulteration  of  Vanilla  Extract  consists  chiefly  in  the  use  of 
coumarin  or  extract  of  the  Tonka  bean,  and  in  the  substitution  of  artifi- 
cial vanillin,  either  alone  or  with  coumarin,  for  the  true  extractives  of 
the  vanilla  bean.  The  cheaper,  or  so-called  "compound"  vanilla  extracts, 
more  often  consist  of  a  mixture  of  either  tincture  of  Tonka  or  coumarin 
with  vanillin  in  weak  alcohol,  colored  with  caramel.  Or  the  exhausted 
marc  from  high-grade  vanilla  extract  is  macerated  with  hot  water  and 
extracted,  the  extract  being  reinforced  with  artificial  vanillin  or  coumarin, 
or  both.  A  pure  vanilla  extract  possesses  certain  peculiarities  with 
regard  lo  its  resinous  content  that  at  once  distinguishes  i:  from  the  artifi- 
cial, or  indicates  whether  or  not  it  has  been  tampered  with.  WliUe  it 
is  possible  to  introduce  artificial  resinous  matter  in  the  adulterated  brands, 
with  a  view  to  deceiving  the  analyst,  it  is  almost  impossible  to  d  >  this 
without  detection,  since  different  reactions  arc  readily  apparent  in  this 
case  from  those  of  the  j)ure  extracts. 

Prune  juice  is  said  to  be  used  to  give  body  and  flavor  to  vanilla 
extract.  The  writer  has  found  spirit  of  myrcia  or  bay  rum  in  a  sample 
of  alleged  vanilla  extract,  containing  also  vanillin  and  coumarin.  The 
adulterant  in  this  sample  was  present  to  such  an  extent  as  to  be  immis- 
takablc  bv  reason  of  the  odor. 

Factitious  Vanilla  Extracts  are  ordinarily  indicated  (i)  by  the  presence 
of  coumarin,  (2)  by  the  peculiar  reactions  of  the  resinous  matter,  or  by 
the  entire  absence  of  these  resins,  and  (3)  by  the  abnormally  low  con- 
tent, or  absence  of  vanillin. 

The  following  figures  show  the  content  of  vanillin  and  coumarin  in 
a  few  typical  cheaj)  *' vanilla"  extracts,  selected  from  a  large  number 
examined  by  the  author.  All  of  these  were  entirely  artificial,  and  ranged 
from  5  to  20  per  cent  by  weight  of  alcohol. 

Vanillin,  Coumarin, 

Per  C'rnt.  Per  Cent. 

A 0.040  0.074 

B None  0.172 

C None  ^•2>3^ 

D o .  2  ^o  None 

E 0.025  0.144 

As  a  rule  these  cheap  artificial  preparations  possess  considerable  body 
and  flavor,  but  the  latter  is  of  a  much  grosser  nature  than  the  genuine 
vanilla  extract,  with  the  delicate  and  refined  flavor  of  which  they  are  not 
to  be  mistaken  by  any  one  at  all  famiUar  with  both  varieties. 
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The  author  is  inclined  to  place  0.05%  of  vanillin  as  a  minimuni 
for  genuine  \'anilla  extract  properly  prepared,  and  makes  a  practice  cjf 
classing  as  not  of  good  standard  quality  those  samples  that  fall 
below. 

Detection  of  Artificial  Extracts. — ^The  presence  of  coumarin  or  Tonka 
tincture  to  any  appreciable  extent  in  vanilla  extract  is  usually  recognizable 
by  the  odor,  to  one  skilled  in  examining  these  flavors.  The  odor  of  cou- 
marin is  more  pungent  and  penetrating  than  that  of  vanillin,  and  in  mix- 
lures  is  apt  to  predominate  over  the  milder  and  more  delicate  odor  of 
vanillin. 

Add  normal  acetate  of  lead  solution  to  a  suspected  extract.  The 
absence  of  a  precipitate  is  conclusive  evidence  that  it  is  artificial.  If 
a  precipitate  is  formed,  much  information  may  be  gained  by  its  character. 
A  pure  vanilla  extract  should  yield  with  lead  acetate  a  heavy  precipitate, 
due  to  the  various  extractives.  The  precipitate  should  settle  in  a  few 
minutes,  leaving  a  clear,  supernatant,  partially  decolorized  liquid.  If 
only  a  mere  cloudiness  is  formed,  this  may  be  due  to  the  caramel  prest-n;, 
and  in  any  event  is  suspicious. 

Examination  of  the  Resins. — Resin  is  present  in  vanilla  beans  to  \hc 
extent  of  fn»m  4  lo  11  per  cent,  and  the  manufacturer  of  high-)i;rade 
essences  endeavors  to  extract  as  much  as  possible  of  this  in  his  prcxiuc:. 
This  he  can  do  by  the  use  of  5o'?(  alcohol,  in  which  all  the  resin  i>  riadily 
soluble,  or  by  employing  less  alcohol  and  reljing  on  the  use  of  alkali 
to  dissolve  it.  A  pure  extract  free  from  alkali  should  produce  a  jirtciji- 
itatf,  when  a  jKirtion  of  the  c»riginal  sample  is  dilu(e<l  wilh  twice  iis  voliinii.- 
of  water  and  shaken  in  a  lesl-lube. 

When,  morec(ver,  the  alcohol  is  remo\ed  from  such  an  extract,  Lhe 
,  of  resin   is  naturally  pncipitalcd. 
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ing,  dtying,  and  weighing,  but  in  this  case  should  stand  for  a  long  time 
before  filtering. 

The  resin  is  collected  on  a  filter,  washed,  and  subjected  to  various 
tests.  A  piece  of  the  filter  with  the  attached  resin  is  placed  in  a  beaker, 
containing  dilute  potassium  hydroxide.  Pure  vanilla  resin  dissolves 
to  a  deep- red  color,  and  is  rcprecipitated  on  acidifying  with  hydrochloric 
acid.  Dissolve  another  portion  of  the  precipitate  in  alcohol,  and  dividj 
the  alcoholic  solution  into  two  portions,  to  one  of  wliicli  add  a  few  drops 
of  ferric  chloride,  and  to  the  other  hydrochloric  acid.  Pure  vanilla  resin 
shows  no  marked  coloration  in  either  case,  but  foreign  resins  nearly  all 
give   color   reactions  under  these  conditions. 

Tannin. — Test  a  ]X)rtion  of  the  filtrate  from  the  resin  for  lannin  by 
the  addition  of  a  few  drops  of  a  solution  of  gelaiin.  A  small  (juanlity 
of  tannin  only  should  l)e  indicated,  if  the  extract  is  pure,  a  large  excess 
tending  to  show  added  tannin. 

Determination  of  Vanillin. — Vanillin  may  be  determined  (i)  colorimet- 
rically,  or  (2)  by  extraction  and  weighing.  The  former  is  by  far  the 
quicker  and  more  economical  method,  since  it  may  be  carried  out 
directly  in  a  very  small  portion  of  the  original  alcoholic  extract.  When, 
as  in  some  instances,  the  analyst  has  only  one  small  bottle  of  vanilla 
extract  for  analysis,  it  becomes  a  matter  of  importance  to  use  as  little 
as  possible  for  each  determination.  The  determination  of  vanillin  by 
both  methods  should  give  concordant  results. 

(i)  Color imetric  Mcihod* — ^This  is  carried  out  in  the  author's  lab- 
oratory as  follows:  2  cc.  of  the  vanilla  extract  arc  measured  into  a  test- 
tube,  and  sutTicient  lead  hydrate  is  added  to  completely  decolorize  it.  The 
mixture  is  washed  u])on  a  filter,  and  filtrate  and  washings  are  collected 
in  a  Xessler  tube.  Bromine  water  is  then  added,  after  which  enough 
of  a  freshly  prepared  io^\'  ferrous  sulphate  solution  is  added  to  get  the 
maxi'num  bluisii-green  color  llial  will  be  produced,  if  vanillin  is  present. 
A  standard  vanillin  solution  is  freshly  prepared  by  dissolving  50  mgm. 
of  j)ure  vanillin  in  25  cc.  of  alcohol,  and  making  u])  to  100  cc.  with  water. 
A  >eries  of  color  standards  is  then  made,  taking,  for  instance,  .1,  i,  j\,  2, 
2-1,  3,  etc.,  i\\  of  the  vanillin  solution  in  50  cc.  Nessler  tubes,  each  being 
treated  with  two  or  tliree  drops  of  bromine  water,  and  with  the  ferrous 
sulphate  solution,  and   made  up  to  the  50-cc.  mark. 

The  lead  hydrate  is  prepared  by  dissolving  200  grams  of  lead  acetate 
in  850  cc.  of  water.     The  solution  is  filtered,  a  solution  of  ix)lassium 

'*'  Massachusetts  State  Board  of  Health,  An.  Kep.,  1899,  p.  629. 
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hydroxide  b  added  in  excess,  and  the  precipitated  hydrate  is  washed 
thoroughly  several  times  by  decantation,  or  until  neutral.  Keep  an  excess 
of  water  in  the  reagent  bottle,  and  shake  up  to  form  a  heavy,  white  emul- 
sion before  addii^  to  decolorize.  Unless  the  lead  hydrate  is  washed 
free  from  alkaU,  the  latter  will  precipitate  the  iron  salt  when  added. 

If,  for  example,  2  cc.  of  a  sample  extract,  treated  as  above,  arc  found 
to  give  a  color  corresponding  in  depth  to  that  produced  by  5.5  cc.  of  the 
standard  solution,  the  percentage  of  vanillin  would  be  thus  calculated: 
100      cc.  standard  solution  contain  0.050    gram  vanillin. 
I      cc         "  "  "      0.0005       "  " 

5.5  cc-         "  "  "      0.0027s     " 

Since  2  cc.  of  the  sample  are  equivalent  to  5.5  cc.  of  the  staDdard 
'Solution,  it  follows  that 

2  cc.  of  sample  contain  0.0275  gram  vanillin. 
.-.  100  cc.  "        "  "      0.1375       " 

Id  order  to  avoid  calculation  of  each  determination  when  a  large 
number  of  extracts  have  to  be  examined,  the  following  table  will  be  found 
useful  for  expressing  results,  where  the  above  method  of  procedure  has 
been  exactly  carried  out : 

Number  of  Cubic  Centi- 

melers  of  Slandard  Equi\'alcnt 

Vanillin  Solution  •  Per  Cent  of 

Corresponding  Vanillin 

V>i  cc.  of  Sample.  in  Sample. 

0.25 0.00625 

0.5   0.0125 

0.75 0.01875 

1 0,025 

1-5  o  0375 
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(2)  Extraction  Method* — Drive  oflF  the  alcohol  from  25  grams  of  the 
sample  in  an  evaporating-dish  on  the  water-bath  at  a  temperature  not 
exceeding  80°  C,  occasionally  adding  water  to  keep  up  about  the  original 
volume.  After  de-alcoholizing,  add  lead  acetate  drop  by  drop  till  all 
prccipitable  matter  is  thrown  down,  stir  to  aid  the  gathering  of  the  pre- 
cipitate, filter,  and  wash  with  three  portions  of  hot  water.  Cool  the 
filtrate,  and  extract  with  three  or  four  portions  of  20  cc.  each  of  ether  in 
a  separator)'  funnel,  stoi)ping  the  extraction  when  no  residue  is  left  on 
evaj)orating  a  few  drops  of  solvent  in  a  watch-glass.  The  combined 
elher  extract,  which  contains  the  vanillin  and  coumarin,  is  transferred 
to  a  separator}'  funnel,  and  shaken  out  several  times  with  10  cc.  of  2% 
ammonia.  This  extracts  the  vanillin,  leaving  the  ether  solution  of 
coumarin,  if  ])resent. 

Acidulate  slightly  the  combined  ammoniacal  extracts  with  weak 
hydrochloric  acid,  and,  after  cooling,  extract  in  a  separatory  funnel  wi:h 
ether  till  exhausted  of  its  vanillin,  evaporate  off  the  excess  of  ether  sponta- 
neously in  a  tared  platinum  dish,  dry  over  sulphuric  acid  in  a  desiccator, 
and  weigh.  Identify  the  residue  as  vanillin  by  the  melling-}X)int  (8i°- 
82°  C),  by  odor,  by  apjjearance  of  the  crystals  both  megascopically  and 
microscopically,  and  by  testing  in  aqueous  solution  with  ferric  chloride, 
which  should  yield  a  dark-green  coloration.  If,  however,  the  form  of 
cr}'stallization  is  not  conclusive,  or  if  the  crystals  are  colored  or  accom- 
panied by  amorphous  matter,  without  disturbing  the  residue,  extract  it  in 
the  dish  with  various  portions  of  boiling  petroleum  ether  till  all  the 
vanillin  is  removed,  decanting  each  portion  into  a  dr}'  beaker. 

The  dish  is  again  dvicd,  this  time  at  100°,  and  weighed.  If  any  residue 
IS  found,  it  i-i  deducted  from  the  first  figure.  The  second  treatment  is 
ran  ly    found    n(ce>sa;-v. 

Determination  of  Coumarin. — Transfer  the  original  ether  solution 
(from  which  the  vanillin  \va.^  removed  by  ammonia)  to  a  tared  j)latinum 
di^h,  eva])orate  off  tlie  etlier  ai  room  tem{)erature  over  sulj)luirie  acid 
in  a  desiteator,  and  \vei|^]i.  Here,  as  in  the  ease  of  vanillin,  the  (liaracter 
and  appearance  of  the  crystal.^  will  indicate  whether  or  not  foreign  matter 
is  present  with  the  coumarin.  If  pure,  the  crystals  should  be  ])erfectly 
whiie  and  well  formed,  and  no  dark-colored  matter  should  be  present. 
The  odor  of  the  i)ure  coumarin  is  unmistakable,  and  the  melting-i)oint 
(67°  C.)  as  well  as  the  microscopical  appearance  may  serve  to  identify 


*  Winton's  M(j<lifi(atk)n  ()f    Hess  and  Prt'scott's  Method,  Jour.  Am.  Chcm.  Soc,  21, 
1899,  p.  257;   ibid.,  24,  1902,  p.  1 1 29. 
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it.  If  there  is  doubt  as  to  the  purity  of  the  first  residue,  without  dis- 
turbing it  by  tests,  extract  with  boiling  petroleum  ether,  and  correct  in 
the  same  manner  as  directed  for  vanillin. 

In  case  the  colorimetric  method  for  vanillin  was  used,  and  coumarin 
only  is  to  be  separated  for  gravimetric  determination,  the  author  has 
found  that  good  results  arc  usually  obtained  by  simply  treating  the  de- 
alcoholized  original  sample  with  ammonia,  extracting  it  with  3  or  4 
portions  of  chloroform  in  a  separatory  funnel,  and  evaporating  the  com- 
bined chloroform  extract  in  a  tared  dish  at  a  temperature  not  exceeding 
60°   in  the  oven. 

If  the  residue  is  small,  or  if  in  any  case  there  is  some  doubt  as  to 
whether  or  not  any  coumarin  is  present  therein,  apply  the  author's  test 
lor  coumarin  as  follows:  Add  a  few  drops  of  water,  warm  gently,  and 
add  to  the  solution  a  little  icxiine  in  potassium  iodide,  reagent  Xo.  147. 
In  presence  of  coumarin  a  brown  precipitate  will  form,  which  on  stirriny 
with  the  rod  will  soon  gather  in  dark-green  flecks.  The  reaction  is 
especially  marked  if  done  on  a  white  plate  or  tile.  Many  of  the  pR- 
cautions  employed  in  carr-ing  out  the  above  processes  for  vanillin  and 
coumarin  determination  may  be  dispensed  with,  if  these  substances  are 
simply  to  be  tested  for  qualitatively. 

Vanillin  and  Coumarin  Crystals  Under  the  Microscope. — ^These  sub- 
s'ances  arc  best  examined  when  crystallized  from  ether  solution,  and 
several  crystallizations  may  be  found  necessary,  before  the  best  results 
are  obtained.  For  examination,  pour  a  few  drops  of  the  ether  solution 
of  the  purified  vanillin  or  coumarin  directly  on  a  slide,  and  allow  to  evap- 
orate spontaneously.  Under  best  conditions  vanillin  crj-stallizes  from 
ether  in    long,   slender  needles,  often   radiating  from   centml    points,  or 
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To  determine  glycerin,  proceed  as  with  wines  (p.  570). 

Determination  of  Alcohol. — ^Measure  out  25  cc.  of  the  sample,  dilute 
to  50  cc.  with  water,  and  distill  oflF  about  20  cc.  in  a  25-cc.  graduated  receiver. 
Make  up  to  the  mark  with  water,  determine  the  specific  gravity  at  15.6°, 
and  find  from  the  alcohol  table  the  per  cent  corresponding. 

Cane  Sugar  and  Glucose  are  determined  as  in  Ihe  case  of  preserves 
and  jellies. 

Caramel  is  best  detected  by  Crampton  and  Simons'  method  with 
fullers'  earth  (p.  603). 

Lemon  Extract. 

Lemon  extract,  the  Spirit  us  limonis  or  essence  of  lemon  of  the 
Pharmacopcina,  is  directed  to  be  made  in  the  following  manner: 

""  Oil  of  lemon So  cc. 

^'  Lemon  peel  freshly  grated 50  grams 

*' Deodorized  alcohol,  a  sufficient  quantity  to  make  1000  cc. 

**  Dissolve  the  oil  of  lemon  in  900  cc.  of  deodorized  alcohol,  add  the 
lemon  peel,  and  macerate  for  twenty-four  hours.  Then  filter  through 
paper,  and  add,  through  the  filter,  enough  deodorized  alcohol  to  make 
the  spirit  measure  1000  cc." 

The  standard  fixed  by  the  Pharmacopoeia  (5%  of  lemon  oil  by  volume) 
is  a  fair  one.  In  fact  there  are  commercial  extracts  on  the  market  con- 
taining as  high  as  9%.  An  extract  of  lemon  to  contain  5%  of  lemon 
oil  must  contain  at  least  80%  by  volume  of  alcohol,  lemon  oil  being 
insoluble  in  dilute  alcohol.  Deodorized,  or  purified  alcohol,  commonly 
known  as  cologne  spirits  or  perfumers'  alcohol,  is  used  in  the  highest - 
grade  j^reparations,  sinre  the  odor  of  ordinar}'  commercial  alcohol  pro- 
duces a  sligh'ly  deleierious  elTect. 

Though  there  are  many  re])Uta})le  brands  of  lemon  extract  on  sale 
containing  5'^'  or  more  of  lemon  oil,  the  market  is  Hooded  with  the 
cheaper  "len-cenl"  variety,  many  ])urporting  to  be  pure,  others  marked 
simply  ''(•om])ound,"  and  others  again  with  formulas  having  the  name 
and  per  cent  of  tlie  ingredients. 

The  classification  of  tliese  extracts,  whether  as  pure  or  adulterated, 
depends  largely  on  tlie  local  laws  in  any  particular  state. 

Adulteration  of  Lemon  Extracts. — For  making  a  cheap  extract  the 
cost  of  the  lemon  oil  is  not  so  important  an  item  as  that  of  the  alcohol, 
and  as  little  as  possible  of  the  latter  is  employed,  though  pure  oil  is  doubt- 
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less  used.  The  average  cheap  extract  is  made  by  rubbing  the  oil  in 
carbonate  of  magnesia  in  a  mortar,  stirring  in  slowly  a  little  strong  alcohol, 
and  allowing  the  mixture  to  soak  for  some  time.  A  varying  amount 
of  water  is  added  a  little  at  a  time,  and  the  whole  is  shaken  and  again 
allowed  to  stand,  sometimes  for  a  week,  before  filtering.  Finally  the 
extract  is  filtered  and  the  coloring  matter  added,  consbting  spmettmes  of 
turmeric  tincture  and  sometimes  of  coal-tar  dyes.  In  these  cheap  extracts 
the  per  cent  of  alcohol  often  runs  below  40,  and  as  little  as  4.5^^-  by 
volume  of  alcohol  has  been  foimd  by  the  author  in  a  commercial  extract. 
With  less  than  45%  of  alcohol  by  volimie,  no  appreciable  amount  of  oil 
is  dissolved,  only  the  merest  traces,  though  such  preparations  are  fre- 
quently bottled  as  "pure  extract  of  lemon."  Time  and  again  inanu> 
facturers  have  protested  to  the  author  that  the  purest  oil  was  used  by 
them,  when  notified  that  their  brand  contaiiied  no  oil,  or  when  prosecuted 
ill  court,  and  were  with  difficulty  convinced  that  the  trouble  with  their 
goods  was  that,  on  account  of  weak  alcohol  employed,  the  lemon  oil  used 
failed  to  get  into  the  final  product.  It  is  true  that  a  certain  taste  or  od'  >r 
of  the  lemon  is  present,  even  in  the  cheap  varieties  wherein  no  oil  ii 
found,  due  to  the  fact  that  even  dilute  alcohol,  when  slowly  percolating 
through  the  magnesia  in  which  the  oil  is  finely  distributed,  doi's  abstract 
therefrom  a  su^estion  of  the  flavor,  which  is,  however,  but  a  mere  shadow 
of  the  substance  and  body  possessed  by  a  strong  alcoholic  solution  of  oil 
of  lemon. 

In  many  instances,  where  formulas  appear  stating  the  name  and 
per  cent  of  ingredients,  these  formulas  arc  entirely  deceptive  and  mis- 
leading, in  that  ihe  statements  arc  not  borne  out  on  analysis. 

Few  manufacturers,  for  example,  are  prepared  to  state  boldly  that 
their  product  contains  no  oil  of  lemon,  a  condition  which  in  this  class 
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chusetts  were  collected  and  analyzed.  167  samples  were  examined, 
representing  about  100  brands,  and  139  samples  were  classed  as  adul- 
terated, based  on  5%  lemon  oil  as  a  standard,  and  depending  on  whether 
or  not  the  contents  conformed  to  the  labels  on  the  bottles. 

The  following  are  typical  analyses,  selected  from  the  tabulated  results 
of  the  above  examination :  * 

LKMOX  EXTRACTS  OF  STANDARD  QUALITY. 


Polarizatii>n 

in  200-inrn. 

Tube. 


30.8 
26.0 


Iv«'ini)n  Oil. 
l\r  C<tU  by 

ViiluTTU*. 


Gnivit  y  at 
15.''^  C. 


Alcohol. 
Per  Cent  by 

Volume. 


Fi-rciMii  In«rc«.iients. 


23-5 

6.0 

21.8 

0.4 

20.0 

5-9 

18.0 

5-3 

17.0 

5.0 

7.6 


O.S280 

84.39 

Turnu'ric 

O.S402 

80 .  49 

O.S3S2 

81.74 

DinitrocTC'Sol 

o.S^()() 

82.88 

O-'^^.V^^ 

84.24 

O.S208 

86.82 

o.84(;6 

80.06 

IXFKRIOR  OR  ADIXTERATED  LEMON  EXTRACTS. 


Polarization 

Lemon  Oil, 

Specific 

Alcohol. 

in  aoo-mm. 

Per  Cent  by 

Gravity  at 

Per  Cent  by 

Foreiflrn  Ingredients. 

Tube. 

Volume. 

15.6®C. 

Volume. 

14.0 

4.1 

0.8592 

77.62 

Dinitrocresol 

12.2 

3,6 

0.8644 

76.08 

<( 

11. 0 

3-1 

0.8620 

77.50 

A  coal-tar  dye 

9.9 

2.9 

0.8615 

77.90      . 

• ;    ■:  w-  ■/ 

8.0 

2.3 

0-8531 

8i..6l 

Dinitrocresol 

6.8 

2.0 

0.8416 

87.55 

Tropa?olin 

5-0 

1-5 

0.8832 

71.10 

( < 

3-5 

I.O 

o.8^;39 

67.68 

2.8 

o.S 

o.8()05 

65-23 

Dinilrrx  rt'sol 

2.2 

0.0 

o.S<)4i 

67. 6q 

1  ( 

1.4 

0.4 

o.(ji3^> 

59-40 

A  nilro  dvi' 

0-3 

0.1 

0.0  joS 

46.40 

DiniiriH  rm)! 

0.0 

0.0 

c.<)<J37 

4.49 

TrojKi'olin 

-S.o 

0.0 

Invtri  sii^ar 

27.0 

0.0 

27. 4() 

Canr  siiuar 

0.0 

0.0 

47-35 

( )il  otluT  tliaii  Ifinon 

Forly-lwo  samples  coiilainrd  no  K'mon  oil,  ran<^Mn,i^  in  content  of 
alcoliol  from  .}  to  45  pi-r  (cnl. 

Methods  of  Analysis.  A.  S.  Mitchell  was  the  carHcst  worker  who 
systematically  examined  lemon  extract,  and  to  him  are  due  the  methods 
for  determining^  oil  of  lemon,  as  well  as  various  other  tests  now  adopted 
provisionally  by  tlie  A.  O.  A.  C\t 


♦  An.  Rep.  Mass.  St.itc  Board  of  Ht-alth,  1901,  p.  450;    Food  and  Drug  Reprint,  p.  41. 
t  Jour.  Am.  Chcm.  Soc.,  21,  1899,  p.  1132;   U.  S.  Dcpt.  of  Agric,  Bur.  of  Chcm.,  BuL 
65»  p.  73- 
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Detection  of  Oil  of  Lemon. — If  on  adding  a  large  excess  of  n-aicr 
to  a  little  of  the  extract  in  a  test-tube  no  cloudiness  occurs,  the  oil  may 
fairly  be  inferred  to  be  absent.  The  degree  of  cloudiness  produced  is 
proportional  to  the  amount  of  lemon  oil  present. 

Determination  of  Lemon  Oil, — Mitcliell's  Methods. — (r)  By  Polariza- 
tion,— Polarize  the  undiluted  extract  in  a  200-mm.  tube  at  20°  C.  Divide 
the  reading  on  the  Ventzke  cane  si^ar  scale  by  3.4,  and  if  cane  sugar 
or  other  optically  active  substances  are  absent,  the  quotient  expresses 
the  per  cent  of  lemon  oil  by  volume.  With  instruments  reading  in  circular 
degrees,  divide  the  rotation  in  minutes  at  jo"  C.  by  62.5.  If  the  Laurent 
instrument  with  sugar-scale  is  used,  divide  the  sugar-scale  reading  by  4.8. 

Cane  sugar,  though  rarely  found  in  lemon  extract,  b  occasionally 
used  in  small  amount.  It  is  said  (o  aid  in  the  solution  of  the  oil.  If  it 
is  present,  n-ash  the  solid  residue  from  10  cc.  of  the  sample  (dried  on 
a  water-bath)  with  three  [wrtions  of  5  cc.  each  of  ether,  to  remove  wax)- 
and  fatty  matters,  dry  and  weigh  the  residue  of  cane  sugar,  deducting 
0.38  frcm  the  reading  for  each  0.1%  of  sugar  so  found. 

(a)  By  Precipitation. — Transfer  by  a  pipette  ao  cc.  of  the  extract 
to  a  Babcock  milk-flask,  add  i  cc.  of  dilute  hydrochloric  acid  (1:1);  add 
25  to  28  cc.  of  water  previously  warmed  to  60°  C;  mix,  and  stand  in 
water  at  60°  for  five  minutes;  whirl  in  a  centrifuge  for  five  minutes;  fill 
with  warm  water  to  bring  the  oil  into  the  graduated  neck  of  the  flask, 
anri  repeat  the  whirling  for  two  minutes;  stand  in  water  at  60°  for  a  few 
minules,  and  read  the  per  cent  of  oi!  by  \-olumc.  WTicre  the  oil  of  lemon  is 
present  in  amounts  owr  2%,  add  to  the  percentage  of  oil  found  0.4*^ 
to  cont'Ct  for  the  oil  retained  in  solution.  WTierc  less  ihan  2|^>  and  more 
than  I'^t  i^  present,  add  0.3'"^  for  correction. 
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gravity  of  the  sample,  ascertain  from  the  alcohol  tables  on  pages  531, 
544,  the  per  cent  of  alcohol  by  volume  corresponding.  This  gross  figiire 
includes  the  lemon  oil,  the  per  cent  of  which  should  be  deducted  for 
the  correct  per  cent  of  alcohol. 

In  the  absence  of  oil  of  lemon,  a  measured  portion  of  the  original 
sample  may  be  distilled,  and  the  percentage  of  alcohol  determined  from 
the  distillate  in  the  usual  manner,  but  when  lemon  oil  is  present,  this 
should  first  be  removed  by  diluting  50  cc.  of  the  extract  to  200  with  water, 
and  shaking  the  mixture  with  5  grams  of  magnesium  carbonate  in  a 
flask,  filtering  through  a  dr}'  filter,  and  determining  the  alcohol  by  distil- 
lation in  a  portion  of  the  fillrale.  The  result  is  multiplied  by  4  to  correct 
for  the  dilution. 

Methyl  Alcohol  has  been  used  by  unscrupulous  manufacturers  in 
lemon  extracts.  Methvl  alcohol  is  best  detected  bv  the  method  of 
Mulliken  and  Scudder,*  depending  on  conversion  of  the  methyl  alcohol 
to  formaldehyde. 

Dilute  a  portion  of  the  distillate  obtained  in  the  determination  of 
alcohol  (or,  for  preliminary  examination,  dilute  and  filter  the  original 
extract)  until  the  liquid  contains  approximately  12%  of  alcohol  by  weight. 

Oxidize  10  cc.  of  the  liquid  in  a  test-tube  as  follows:  Wind  copper 
wire  I  nrna.  thick  upon  a  rod  or  pencil  7  to  8  mm.  thick,  in  such  a  manner 
as  to  inclose  the  fixed  end  of  the  wire  and  to  form  a  close  coil  3  to  3.5  cm. 
long.  Twist  the  two  ends  of  the  wire  into  a  stem  20  cm.  long,  and  bend 
the  stem  at  right  angles  about  6  cm.  from  the  free  end,  or  so  that  the 
coil  may  be  plunged  to  the  bottom  of  a  test-tube,  preferably  about  16  mm. 
wide  and  16  cm.  long.  Heat  the  coU  in  the  upper  or  oxidizing  flame  of 
a  Bunscn  ])urncT  10  a  red  heat  throughout.  Plunge  the  heated  coil  to 
the  bottom  of  the  test-tube  containing  the  diluted  alcohol.  Withdraw 
the  coil  after  a  second's  time  and  dip  it  in  water.  Repeal  the  ()])eralion 
from  three  to  live  times,  or  unlil  the  fllm  of  copper  oxide  ceases  lo  ])e 
reduced.  Cool  tlie  liquid  in  ihe  test-tube  meanwhile  ])y  immersion  in 
water. 

7V.s7  jor  Formaldehyde. — Divide  the  oxidized  li([uid  in  the  test-tube 
into  two  parts,  te>ting  one  for  formaldehyde  with  })ure  milk  by  the  hydro- 
chloric acid  and  ferric  chloride  test.  Test  the  other  portion  by  Mulliken 
and  Scudder's  resorcin  test  for  formaldehyde,  page  666,  avoiding  an  ex- 
cess of  the  reagent.f 

*  Am.  Chem.  Jour.,  21,  1899,  p.  266. 
'\  Ibid,t  24,  1900,  p.  451. 
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Tests  for  Colon. — Evaporate  a  portion  of  the  sample  to  dryness, 
■dissolve  the  residue  in  water,  and  extract  coal-tar  colors  if  present  by 
Arata*s  method,  page  641,  or  with  hydrochloric  acid. 

Much  information  may  often  be  gained  by  treatment  of  the  original 
extract  with  strong  hydrochloric  acid.  If  the  color  employed  be  turmeric 
or  naphthol  yellow,  no  change  in  color  will  be  evident  on  addition  of 
the  acid.  If  tropeolin  or  methyl  orange  is  present,  the  solution  will  turn 
pink,  whUe  partial  decoloration  of  the  solution  indicates  Martius  yellow, 
and  complete  decoloration  shows  presence  of  dinitrociesob. 

Test  for  turmeric  by  boric  acid,  page  637. 

Determination  of  Total  Solids  and  Ash. — Total  Solids  are  estimated 
by  ei'aporating  on  the  nitter-bath  10  grams  of  the  sample  in  a  tared  dish, 
and  dr>-ing  at  100°  to  constant  we^ht.  If  glycerin  be  present,  it  is  dif- 
ficult if  not  impossible  to  get  a  constant  weight.  Cane  sugar  and  glycerin, 
if  present,  will  be  apparent  in  the  residue.  If  capsicin  has  been  used, 
it  will  be  noticed  by  the  taste. 

Bum  to  an  ash  the  residue  from  the  solids  in  a  muffle  at  a  low  red 
heat,  c<x>l  in  a  desiccator,  and  weigh. 

Glycerin  is  detormincd  as  in  wine,  page  570. 

Detection  of  Tartaric  or  Citric  Acid. — To  a  ponion  of  the  extract 
in  a  lesi-tube  add  an  equal  %-olume  of  water  to  precipitate  the  oil.  rUter 
and  add  <»ne  or  two  drops  of  the  tiltrate  to  a  test-tube  half  full  of  cold, 
clear  lime  water.  If  tartaric  acid  is  present,  a  precipitate  will  come 
down,  which  is  si.iluble  in  an  excess  of  ammonium  chloride  or  acetic  acid. 

rihiT  olT  the  pa-cipitale,  or.  if  no  patipitate  is  vijjble,  heat  the  cor- 
icnts  of  the  tulx'.  Citric  acid  will  pr^.•cipitate  in  a  Urge  excess  cif  hot 
l:mo  water. 
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READINGS  ON  ZEISS  BUTYRO-REFRACTOMETER  OF  LEMON  OIL. 


Tempera- 

Scale 

Tempera- 

Scale 

Tempera- 

Scale 

Tempera- 

Scale 

ture. 
Centigrade. 

Reading. 

ture, 
Centigrade. 

Reading. 

ture, 
Centigrade. 

Reading. 

ture. 
Centigrade. 

Reading. 

40.0 

59-4 

,       35-0 

63.8 

30.0 

66.3 

25.0 

69.7 

39.5 

59-7 

1       34.5 

63.1 

29.5 

66.6 

24.5 

70.0 

39-0 

60.1 

34.0 

63-5 

29.0 

67.0 

24.0 

70.4 

38.5 

60.4 

33-5 

63.8 

28.5 

67-3 

23-5 

70.7 

38.0 

60.8 

33-0 

64.2 

28.0 

67.7 

23.0 

71. 1 

37.5 

61.0 

32.5 

64-5 

27-5 

68.0 

22.5 

71-4 

37-0 

61.5 

32.0 

64.9 

27.0 

68.4 

22.0 

71.8 

36.5 

61.8 

31-5 

65-1 

26.5 

68.7 

21.5 

72.1 

36.0 

62.1 

31.0 

65.6 

26.0 

6g.o 

21,0 

72.5 

35-5 

62.4 

30-5 

65.9 

25-5 

(^•3 

20.5 

72.8 

35-0 

62.8 

30.0 

1 

66.3 

! 

25.0 

69.7 

1       20.0 

73-2 

For  examination  of  high  polarizing  essential  oils  like  oil  of  lemon,  the 
author  employs  a  50-mm.  tube,  in  order  to  get  readings  on  the  undiluted 
oil  well  within  the  limits  of  the  cane  sugar  scale  on  the  polariscope.  If 
such  a  tube  is  not  available,  dilute  the  oil  with  an  equal  volume  of  alcohol, 
and  use  the  loo-mm.  tube.  The  following  table  expresses  constants 
of  pure  lemon  oils  and  of  various  commonly  employed  adulterants,  as 
determined  in  the  laboratory  of  the  Massachusetts  State  Board  of  Health: 

CONSTANTS  OF  SOME  ESSENTIAL  OILS. 


OiL 


Oil  of  lemon  (lowest) , 

•*    '*      **      (highest) , 

•*    **       *'      pr.'iss  (A.  Giese) , 

'*    "  citronolla  (A.  Giesc^ , 

TeriH'nelcss  oil  of  lemon  (Hansel's) , 

"    "       **       gra-s  (Hansel's). 

Citral  (A.  Oiese) , 


Butyio-refractotneter 
(Sodium  Light)  at— 


Temp. 


25- 

25- 
32.5 

22.5 

23- 

23. 
22.5 


Reading. 


Rotation 

in  100- 

MiUimcter 

Tulx*, 

Ventzke 
Seale. 


Specific 
Gravity 

at  15.0*  C 


69-5 
71.2 

06.9 

87.1 

87.9 

QI.O 
95.0 


184.5 

—  lo.S 
— 10.2 

—  22.0 

-3-0 


0.85S0 
0.S610 

o.<):^cc) 

c.o;.^7 
o-utO.> 

0.()_»^2 
0.()2()6 


Oil  of  Lemon  is  a  li.L^hl-ycllow  liquid,  liaving  the  pU-asant  odor  of 
frc^h  lemons,  and  an  aromatic;,  mild,  somewhat  bitter  aftiT  tasle.  It 
is  obtained  from  the  ^^rated  rind  of  the  lemon  either  by  treatment  with 
hut  water,  skimming  olT  tlie  oil  which  rises  to  the  surface,  or  by  j)ressure, 
or  by  distillation  wiili  water.  It  is  rapidly  changed  hv  action  of  air  and 
light,  becoming  "terpeney,'*  and  under  these  conditions  its  solubility 
in  alcohol  seems  to  increase.  Its  composition  is  somewhat  uncertain, 
but  according  to  Wallach  *  nearly  90^^  consists  of  hydrocarbons,  mostly 


*  Licbig's  Annalen,  227,  p.  290. 
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tcrpenes,  the  most  important  of  which  is  the  terpene  ]imonene  *  of  the 
dextro-gyrate  variety,  also  known  as  citrene. 

Another  important  constituent  of  lemon  oil  b  the  aldehyde  cicnil, 
present  to  the  extent  of  from  7  to  10  per  cent.  To  thb  the  odor  of  the 
oil  is  largely  due.  A  second  aldehyde,  citronellal,  is  also  present  in  lemon 
oil. 

A  frequent  adulterant  of  lemon  oil  is  turpentine  oil,  which  loweis 
the  rotation  considerably,  and  is  thus  most  easily  rendered  apparent. 

Citral  (Ci,H,,0)  is  an  aldehyde  present  in  lemon  oil  and  in  oil  of  lemon- 
grass,  and,  while  it  may  be  separated  from  these  oils,  is  prepared  artifi- 
cially by  oxidizing  geraniol  with  chromic  acid.t  It  is  a  mobile  oil,  and 
when  perfectly  pure  is  optically  inactive.  The  commercial  citral  is, 
however,  slightly  Ijevo-rotarj-,  due  no  doubt  to  impurities. 

Oil  of  Lemon-grass  is  distilled  from  lemon-grass,  Andropogon  ciiratus 
(D.  C),  cultivated  in  India.  It  is  reddish  yellow  in  color,  and  has  an 
intense  lemon-like  odor  and  taste.  Verj'  liltlc  is  known  of  its  com[K)si- 
lion,  but  it  seems  to  contain  several  aldehydes,  one  of  which  is  citro- 
nellal, and  another  citral.  The  latter,  however,  is  its  chief  constituent, 
being  present  to  the  extent  of  70  to  75  per  cent. 

Citronellal  {C,|,H,,0)  is  an  aldehyde  found  in  various  oik,  especially 
in  citronella  oil,  from  which  il  is  readily  separated.  It  is  made  artilicially 
bv  the  oxidation  of  the  primary  alcohol  citronellol  (CioH,aO).  Ii  is 
quite  strongly  dextro-rolar>-. 

Oil  of  Citronella  is  distilled  from  the  grass  Andropogon  nardus  (L.i, 
erowing  chiefly  in  Ceylon,  Indk,  and  tropical  East  Africa.  It  is  a  yel- 
lowsh  brown  liquid  with  a  plcas;int  and  lasting  odor.  Citronellal  is 
iircsent  in  this  oil  to  the  extent  of  fnjm  10  to  20  per  cent,  and  the  i>il 
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Limonene  forms  an  evanescent,  faint  flesh  color,  and  leaves  a  white 
compound. 


MISCELLANEOUS  FLAVORING  EXTRACTS. 

A  much  larger  variety  of  flavors  are  used  in  confeclioner)'  and  soda- 
water  syrups  than  arc  required  by  the  housewife  in  ordinar}'  cooking. 
Th(*se  miscellaneous  flavors  may  be  divided  into  two  classes,  first  those 
which,  like  lemon  essence,  are  alcoholic  extracts  of  oils,  including  such 
essences  as  orange,  clove,  nutmeg,  ginger,  mace,  cassia,  j)e}3perminl, 
spearmint,  wintergreen,  and  almond;  and  second,  those  which  are  macL- 
up  of  artificial  fruit  essences  or  compound  ethers,  which  are  ingeniously 
mixed  to  imitate  the  i)ure  fruits.  Under  this  class  are  included  such 
flavors  as  strawberry,  raspberry,  pineapple,  cherry,  banana,  pear,  rose, 
peach,  plum,  apricoi,  and  ([uince. 

In  the  case  of  extracts  of  oils,  it  is  generally  practicable  to  separate 
the  oil  for  examination  by  the  centrifuge,  as  in  the  i)recipitation  method 
of  Mitchell  and  to  estimate  the  same  directly  as  described  on  page  742, 
when  the  sixjcific  gravity  of  the  oil  in  question  is  less  than  water.  In 
the  case  of  such  oils  as  clove,  wintergreen,  and  cassia,  where  the  specific 
gravity  is  greater  than  water,  it  is  necessary  to  add  salt  to  the  extract  before 
centrifuging,  to  cause  separation  of  the  oil. 

The  following  table  shows  the  specific  gravity  and  polarimetric  reading 
of  these  "essence"  oils: 


specific  Gravity. 

Dran^- o.S.|S  to  0.852 

Clovr i-^l>  **   1-070 

Nulnui^ o.Sf.;;  ^|  0.Q2O 

Sjx-.iriDinl o.<;J     "  o.gS 

Pr])j)criiiiiit '  <^-no     "  o.()25 

\Viiit(r«:r.rn i.iSn"    1.1S7 

('a~^ii»  ImiU I  .c;;  "   i  .o^>5 

Al.i.  r ^'  -'H      "  '^-';.^ 

(iinmr o.S;;  "  ■-^.S<S5 

Aliiinii.l-  (l.iUiT) i.?i;"    1.06 


Pt)larizatinn  100  mm, 
Vrnt/kc  S.  all'. 


71  If  .1 ..     s  ^       v.*. 


I        -7-'-^ 


276.  S  to         2S2.(* 

40.0  "         S().5 

—  104.0  "  —  i^^S.o 

-OS -2 

Inac  live 

\'<'rv  sliuhtly  la'vo  t^yrat*- 

20.0   to  ^S..  > 

—  75.6     "     —  IjO.() 

Inactive 


I  .  5  -M  ; 

1. 1702 
I .  J^ vj 
I .  \2'li) 
1 .  >  o .' ; 
I-  1771 


With  the  exception  of  oil  of  orange,  these  oils  vary  so  widely  in  their 
optical  rotation  as  to  be  incapable  of  being  estimated  ill  extracts  by  the 
polarinietric  metliod  described  for  lemon  oiL 


740  FOOD  INSPECTION  AND  ANALYSIS. 

ORANGE  EXTSACT. 

Orange  oU  is  &  yellowish  liquid,  having  the  characteristic  odor  of 
orange,  and  a  mild  aromatic  taste.  It  b  prepared  from  orange  peel  ia 
an  analogous  manner  to  that  of  lemon  oil,  which  it  somewhat  resembles 
in  chemical  composition.  At  least  90%  of  orange  oil,  according  to  Wal* 
acb,  consists  of  dextro-limonene  (citrenc).  It  has  a  much  h^hcr  specific 
rotary  power  than  lemon  oD.  For  the  determination  of  oil  in  orange 
eSract,  follow  the  method  given  for  oil  in  lemon  extract,  page  742, 
dividing  the  direct  polarimctric  reading  on  the  Ventzke  scale,  calculated 
for  the  200-mni.  tube,  by  5.3  to  obtain  the  per  cent  of  orange  oil,  by  volume. 
To  obtain  the  per  cent  by  weight,  multiply  the  per  cent  by  volume  by 
0.85  and  divide  by  the  specific  gravity  of  the  extract. 

ALMOND  EXTRACT. 

Essence  of  bitter  almonds,  or  Spiriius  amygdala  amara,  Is  thus  pre- 
pared according  to  the  U.  S.  Pharmacopceia: 

Oil  of  bitter  almonds 10  cc. 

Alcohol 800  cc. 

Distilled  water  sufficient  to  make 1000  cc. 

Thus  1%  of  almond  oil  is  present  in  the  product. 

Oil  of  bitter  almonds  is  obtained  by  subjecting  crushed  bitter  almonds 
or  apricot  seeds  to  distillation  with  water.  It  should  be  remembered 
that  both  sweet  and  bitter  almonds  yield  a  bland  fixed  oil  on  pressure, 
which  is  not  to  be  confounded  with  the  volalile  oil  \iclded  on  distillation 
of  the  billcr  almonds  after  the  fixed  oil  has  been  pressed  out.     Bitter 
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Benzaldehyde  or  purified  oil  of  bitter  almonds  has  a  yellowish  color, 
a  bitter,  acrid,  burning  taste,  and  a  marked  almond  odor.  The  specific 
gravity  of  the  crude  oil  varies  from  1.052  to  1.082,  while  that  of  the  purified 
oil  (benzaldehyde)  at  20®  is  1.0455.  Its  boiling-point  is  180°  C.  On 
standing  it  becomes  readily  oxidized  to  benzoic  acid.  It  is  readily  soluble 
in  alcohol  and  ether.  Its  solubility  in  water  is  slight,  i :  300.  Its  index 
of  refraction  at  20°  C.  is  1.5446.  It  should  be  noted  that  the  refractive 
indices  of  almond  oil,  whether  with  or  without  hydrocyanic  acid,  and  of 
artificial  benzaldehyde  are  nearly  the  same. 

Benzaldehyde  is  produced  artificially  in  a  variety  of  ways,  but  is 
chiefly  prepared  by  the  action  of  chlorine  on  hot  toluene.  The  result- 
ing benzyl  chloride  is  distilled  with  lead  nitrate  and  water  in  an  atmos- 
phere of  carbon  dioxide,  which  forms  benzoic  aldehyde.  Synthetic 
benzaldehyde  has  the  same  properties  as  the  puritied  oil  of  bitter  almonds, 
and  has  largely  displaced  it  in  the  market,  not  the  least  of  its  advantages 
being  its  freedom*  from  hydrocyanic  acid. 

Adulteration  of  Almond  Oil. — ^The  official  essence  of  the  Pharmacopoeia 
docs  not  specify  that  the  almond  oil  used  be  perfectly  free  from  hydro- 
cyanic acid,  in  spite  of  the  fact  that  its  highly  poisonous  nature  is  well 
known,  and  that  it  exists  in  the  crude  oil  to  the  extent  of  from  4  to  6  per 
cent.  True,  but  little  of  it  is  found  in  the  extract,  but  in  these  days,  when 
the  unannounced  presence  in  foods  of  such  substances  as  antiseptics 
and  coloring  matters  is  regarded  as  questionable  from  a  sanitary  stand- 
point, in  s{)ite  of  the  fact  that  their  toxic  effects  on  man  are  still  matters 
of  controversy,  there  should  be  little  hesitancy  in  pronouncing  the  j)resence 
of  ])russic  acid  objectionable,  especially  when  a  pure  almond  oil  entirely 
free  from  it   is  readily  olnainable. 

The  presence  of  nitro])enz{)l  or  oil  of  mirbane  as  a  substitute  of 
almond  oil  is  to  ])e  looked  for.  This  substanct!  is  sometimes;  though 
incornctlv,  called  arlil'ieial  oil  of  bitter  almond>.  It  is  a  heavv,  vellow 
litjuid  of  the  com})()silion  C.JI^XO.,  readily  soluble  in  water.  Its  speeilk: 
gravity  at  20°  C.  is  1.2039.  Its  boiling-point  is  205^0.  It  is  formed 
by  the  action  of  niiric  at  id  on  benzol.  It  possesses  a  highly  ])ungenl 
odor,  somi'whai  like  that  of  oil  of  bitter  almonds,  though  mon*  jnnelrating 
and  k'>s  rriuud.     Its  in(K\  of  refraction  at  20°  C.  is  1.5517. 

Detection  of  Nitrobenzol.* — Boil  15  cc.  of  the  extract  in  a  test-tube 
wi:h  a  few  drops  of  a  strong  solution  of  potassium  hydroxide.  Nitro- 
benzol produces  a  blood-red  coloration. 

*  lloldr,  Jour.  Soc.  Cliem.  Ind.,  13  (1893),  p.  906. 
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Distinction  between  Benzaldehyde  and  Nttrobenzol. — ^Treat    20  cc. 

of  the  extract  with  5  to  10  cc.  of  a  cold,  saturated  aqueous  solution  of 
sodium  bisulphite  in  a  test-tube,  and  shake  vigorously.  Transfer  to 
an  evaporating-dish,  and  heat  on  the  water-bath  till  the  alcohol  is  driven 
off.  At  this  stage  benzaldehyde  remains  in  the  hot  solution  as  a  cn-stal- 
linc  salt,  and  the  solution  gives  off  no  almond  odor. 

Nitrobenzol,  on  the  contrarj-,  does  not  combine  wilh  the  bisulphi.e 
and  b  insoluble,  forming  globules  of  oil  on  the  surface  of  the  hot  liquid, 
and  in  addiiion  giving  off  the  pungent  odor  so  characteristic  of  the  sub- 
stance. 

Determinatiaa  of  Benzaldehyde. — In  case  nitrobenzol  by  the  quali- 
tative test  is  found  to  be  absent,  shake  vigorously  50  cc.  of  the  extract 
with  20  cc.  of  the  saturated  sodium  bisulphite  solution  in  a  stoppered 
flask,  transfer  to  an  evaporating-dish,  and  heat  on  the  water-bath  till  the 
alcohol  has  disappeared,  keeping  up  the  original  volume  by  the  occa- 
sional addition  of  water.  Note  the  odor  of  the  solution  at  frequent  inter- 
vals during  evaporation,  and  if  at  any  time  the  least  odor  of  escaping 
benzaldehyde  Ls  apparent,  stir  in  at  once  a  few  drops  more  of  the  Lisil- 
phitc  solution.  Cool,  dilute  with  water  slightly,  make  strongly  alkaline 
with  sodium  hydroxide,  and  extract  in  a  separator)-  funnel  wilh  ftiur 
portions  of  low-boiling  petroleum  ether  of  15  to  20  cc.  each.  Wash  the 
combined  petroleum  ether  twice  with  water,  and,  after  removal  of  the 
water,  transfer  it  to  a  tared  dish,  and  allow  it  to  evaporate  spontaneouslv 
at  room  temperature.     Finally  weigh  the  residue. 

By  reason  of  the  volatility  of  benzaldch)dc  and  its  tendency  to  oxidize 
to  benzoic  acid,  the  rcsuhs  are  only  approximate. 

Separation  of  Nitrobenzol  and  Benzaldehyde. — If  by  the  qualitative 
test  nitrobenzol  is  fiiunti.  shaki-  vigorously  as  before  sc  cc.  of  the  extn 
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separately  funnel  strongly  alkaline  with  sodium  hydroxide,  and  shake 
out  the  benzaldehyde,  if  present,  with  petroleum  ether  as  previously 
described.  If  after  making  the  solution  alkaline  no  odor  of  benzalde- 
hyde is  apparent,  the  absence  of  benzaldehyde  may  be  inferred. 

Distinction  between  Artificial  .Benzaldehyde  and  Pure  Almond  Oil. — 
Test  the  final  residue  from  the  ether  extract  by  shaking  with  an  equal 
volume  of  concentrated  sulphuric  acid  in  a  test-tube.  Wi.h  natural 
oil  of  almonds  a  clear,  ]:)rilliant,  but  dark  currant -red  color  is  produced, 
while  with  artificial  benzaldehyde^  the  acid  produces  a  dirty  brown  color 
with  the  formation  of  a  precipitate. 

Determination  of  Alcohol. — In  the  absence  of  other  flavoring  sub- 
stances than  nitrobenzol  and  benzaldehyde,  which  are  rarely  i)resent 
to  an  extent  exceeding  i^",' ,  a  sulliciently  close  approximation  for  most 
j)urposes  can  be  gained  by  estimating  the  alcohol  from  the  direct  specific 
gravity  of  the  extract. 

Detection  of  Hydrocyanic  Acid. — ^To  a  few  cubic  centimeters  of 
extract  in  a  test-tube  add  a  few  drops  of  a  mixture  of  solutions  of  ferrous 
sulphate  and  ferric  chloride,  the  ferrous  salt  being  in  excess.  Make 
alkaline  with  sodium  hydroxide,  and  add  enough  dilute  hydrochloric 
acid  to  dissolve  the  precipitate  formed  by  the  alkali.  Presence  of  a  blue 
coloration  or  precipitate,  due  to  the  formation  of  Prussian  blue,  indicates 
hydrocyanic  acid.    The  reaction  is  very  delicate. 

Determination  of  Hydrocyanic  Acid.* — Hydrocyanic  acid  may  be 
determined  by  titration  with  tenth-normal  silver  nitrate  solution.  25  cc. 
of  the  extract  are  measured  into  a  flask,  and  5  cc.  of  freshly  pre])ared 
magnesium  hydroxide  suspended  in  water  are  added,  or  enough  to 
make  the  reaction  alkaline. 

A  few  droj)s  of  a  solution  of  potassium  chromate  are  then  introduced, 
and  the  t^nlh-normal  silver  nitrate  solution  added  till,  with  shaking,  the 
formation  of  the  n-d  >\\\\'V  chromate  indicates  the  end-point,  i  cc.  of 
silvi-r  solution  e(juals  0.0027  g^^i'^n  ^>f  hydrocyanic  acid. 

ARTiriCIAF.    TRriT   ESSKXCKS. 

Nearly  all  the  fruits  j)o>sess  distinctive  flavors,  which  are  desirable 
in  food  preparations,  and  which  may  be  made  to  impart  their  flavor  to 
such  substances  as  confections,  ice  cream,  dessert  mixtures,  jellies,  etc., 
by  simply  mixing  with  these  foods  the  fresh  or  preserved  fruit  or  fruit 
juice  in  sufficient  quantity.     In  many  cases,  however,  it   is  not  found 

♦  Viclhaber,  Arch.  Pharm.  (3),  13,  408. 
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possible  or  practicable  to  prepare  from  the  fruits  themselves  an  cxiract 
sufBciently  concentrated  to  give  the  distinctive  fruit  flavor,  when  used 
in  moderate  quantity,  and  hence  the  use  of  artificial  fruit  essences  made 
up  of  compound  ethers,  mixed  in  varying  combinations  and  proportions 
to  imitate  more  or  less  closely  various  fruit   flavors. 

These  ethers  are  usually  much  more  pungent  and  penetrating  than 
the  fruits  which  they  imitate,  and,  while  lacking  ihe  delicacy  and  rclini.- 
ment  of  the  original  fruits,  serve  to  impart  a  certain  semblance  of  the 
genuine  flavor  in  a  convenient  and  highly  concentrated  form- 
Some  of  the  single  compound  ethers  possess  a  remarkable  resemblance 
to  particular  fruits,  while  to  imitate  other  fruits  a  mixture  of  various 
ethers  and  flavoring  materiab,  such  as  lemon  and  other  volatile  oils, 
vanilla,  organic  acids,  chloroform,  etc.,  is  necessary.  These  anilicial 
essences  should  in  all  cases  be  sold  as  such,  and  not  as  "pure  fruit  fla\ors.'' 
Artificial  Pineapple  Essence  is  made  up  by  dissolving  in  alcohol  butyric 
ether,  C,H,(C,Hj)Oj,  which  possesses  a  distinct  pineapple  flavor,  and 
is  prepared  by  mixing  loo  parls  of  butyric  acid  (C^HjO,),  loo  pans  of 
alcohol,  and  50  parts  of  sulphuric  acid,  and  shaking.  Butyric  ethtr  is 
sparingly  soluble  in  water,  and  boils  ai  121°  C. 

Artificial  Quince  Essence  depends  as  a  basis  on  ethyl  pclargona.c', 
sometimes  called  pelargonic  or  cenanihic  ether,  C,H„C,HjjO„  dissolved 
in  alcohol.  Pelargonic  ether  is  formed  by  digestion  with  the  aid  of  heat 
of  pelargonic  acid  and  alcohol.  Pelargonic  acid,  C,H„0„  is  first  obiainid 
by  the  action  of  niiric  acid  on  oil  of  rue.  Pelargonic  ether  is  a  colorltss 
liquid,  having  a  specitic  graviiy  of  0.8635  ^t  17.5°  C.  Its  boiIing-i)oint 
is  227"  to  228'  C.     It  is  insoluble  in  water. 

Artificial  Jargonelle  Pear  Essence  consists  of  an  alcoholic  solu.iun 
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of  a  lai^  variety  of  these  artificial  essences.  The  numerals  in  the  various 
coliunns  indicate  the  parts  by  volume  to  be  added  to  one  hundred  parts 
of  deodorized  alcohol. 
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FOOD  INSPECTION  AND  ANALYSIS. 
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APPENDIX. 

THE  ZEISS  IMMERSION  REFRACTOMETER. 

Several  forms  of  refract ometcr  have  heretofore  been  described,  all 
of  which  have  been  of  main  use  in  connection  with  the  study  of  oils  and 
fats.  A  more  recently  devised  instrument,  the  immersion  refractomelcr, 
made  by  Zeiss,  has  many  features  that  especially  commend  it  to  the  u^c 
of  the  food  analyst.  The  constniction  of  the  immersion  refractometer 
is  such  that,  as  its  name  implies,  it  may  be  immersed  directly  in  an  almost 
endless  variety  of  solutions,  the  strength  of  which,  within  limits,  may 
be  determined  l^y  the  degree  of  refraction  read  upon  an  arbitrar}-  scale. 
Thus,  for  example,  the  strengths  of  various  acids  and  of  a  variety  of 
salt  solutions  used  as  reagents  in  the  laboratory,  as  well  as  of  formaldehyde, 
of  sugars  in  solution,  and  of  alcohol,  are  all  capable  of  determination  by 
the  use  of  the  immersion  refractometen 

Figure  120  shows  the  form  used  by  the  writer.  P  is  a  glass  prism 
fixed  in  the  lower  end  of  the  tube  of  the  instrument,  while  at  the  top  of 
the  tube  is  the  ocular  Oc,  and  just  below  this  on  a  level  with  the  vernier 
screw  Z  is  the  scale  on  which  is  read  the  degree  of  refraction  of  the  licjuid 
in  which  the  ])rism  P  is  immersed.  The  tube  may  be  held  in  the  hand 
and  directly  dip})ed  in  the  li(|uid  to  be  tested,  this  liquid  being  contained 
in  a  vessel  with  a  translucent  bottom,  through  which  the  light  is  rellected. 
The  ])referal)le  method  of  ii^e  is,  however,  that  shown  in  the  cut. 

.1  i>  a  metal  ])alh  willi  inlet  and  outlet  tubes,  arranged  whereby  water 
is  kept  at  a  constant  level.  The  water  is  maintained  at  a  constant  tem- 
j)erature  by  means  of  a  controller  oi  the  same  type  as  the  refractometer 
healer  shown  in  I'ig.  92.  In  the  bath  A  are  immersed  a  num])er  of 
beakers,  containing  the  >()lutions  to  be  tested.  T  is  a  frame  on  which  is 
hung  the  refractometer  by  means  of  the  hook  //,  at  just  the  right  lu'ight 
to  permit  of  the  immersion  of  the  prism  P  in  the  liquid  in  any  of  the 
beakers  in  the  row  beneath.  Under  this  row  of  beakers  the  bottom  of 
the  tank  is  composed  of  a  strip  of  ground  glass,  through  which  light  is 
reflected  by  an  adjustable  pivoted  mirror. 
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The  temperature  of  the  bath  is  noted  by  a  delicate  thermometer 
immersed  therein,  capable  of  reading  to  tenths  of  a  degree. 

Returning  to  the  main  refractometer-tube,  J?  is  a  graduated  ring  or 
collar  which  is  connected  by  a  sleeve  within  the  tube  with  a  compomid 
prism  near  the  bottom,  the  construction  being  such  that  by  turning 
the  collar  R  one  way  or  the  other  the  chromatic  aberration  or  dispersion  of 
any  liquid  may  be  compensated  for,  and  a  clear-cut  shadow  or  critical  line 
projected  cross  the  scale.     By  the  graduation  on  the  collar  R,  the  degree  of 
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TABLE  OF  INDICES  OF  REFRACTION,  n^. 
(Compared  with  5>cale  Readings  of  Zeiss  Immersion  Refractometcr,  according  to  Wagner.) 
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049 
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TABLE  OF  INDICES  OF  REFRACTION, 
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SCALE  READING  AND  INDEX  OF  REFRACTION  OF  DISTILLED  WATER 

AT  io-3o«>  C,  ACCORDING  TO  WAGNER. 


Temper- 

Scale 

Index  of 

tijf  Differ- 

! 

Temper- 

Scale 

Index  of 

H/)  Diffei^ 

iiture  C. 

Reading. 

Refraction,  njy 
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ature  a 

Reading. 
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30 
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I -33196 
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19 

14.7 

1-333075 

8.5 

2Q 

12. 1 
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18 
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28 
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27 
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11.5 

17 
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26 
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16 
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25 
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15 
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24 
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14 
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7.0 

^^ 
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9  •  5 

13 

15.85 
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6.5 

22 
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90 

12 

16.0 

1  •  ^?>?>><^ 

6.5 

21 

14-25 

I . 33200 

9.0 

II 

16.15 

1  -  33365 

6.0 

20 

14-5 
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().0 

10 

16.3 

I  333705 
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SCALE  READIX(;S  AT  TKMPP:RATL'RKS  FROM   10-30°  C. 
CoRRtcTKi)  TO  17.5°,  According  to  Wagxkr. 
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30 
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3-90 

4.05 

4.20 

4.60 
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30 

29 

28 
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26 
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2.00 
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2.25 

1.95 
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2.05 
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2.95 
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4.10 
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4.85 
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20®,  and  the  analyst  is  recommended  to  work  out  his  own  standards  for 
comparison,  at  the  temperature  best  suited  to  his  special  locality  and 
convenience.  The  instrument  is  especially  useful  in  preparing  normal 
and  tenth-normal  solutions. 

The  table  on  page  764,  from  Wagner,  shows  the  strength  of  various 
common  laborator}^  reagents. 

DETECTION  OF  ADDED  WATER  INMILK.— The  addition  of  water  to  milk 
perceptibly  affects  the  degree  of  refraction  of  its  serum,  to  such  an  extent 
that  added  water  may  often  be  detected  by  means  of  the  immersion 
refractometer.  In  curdling  milk-samples  for  examination  and  com- 
parison by  this  method,  care  should  be  taken  to  observe  absolutely  identi- 
cal conditions  in  iill  cases. 


I.     CONSTANTS  OF  MILK  AND  MILK  SERUM.     LABORATORY  SAMPLES. 


Determinations  on  Milk. 

On  Milk  Scrum. 

ToUl  Solids. 

Water, 

Fat, 

Solids 
not  Pat 

Ash. 

Specific 
Gravity 
at  IS®  C. 

specific 
Gravity 
at  15®  C 

Immersion 
Refractom- 

Percent. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

eter  Read- 

ing at  ao^  C 

16.45 
15-90 

83 -55 
84.10 

8.20 

8.25 
8.90 

I  0255 
1.0277 

1.0274 
1.0285 

40.95 
42.00 

7.00 

0.69 

14 -37 

85  63 

5.50 

8.88 

0.58 

I . 0282 
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42.40 

14.17 

85.83 

4.85 

9-33 

0.62 
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44.20 

14.04 
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4.95 
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0.60 
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0.65 
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42.75 
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86.41 
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0.64 
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4.40 

8.99 

0.50 
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43  70 
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0.60 
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0.52 

I  .02()S 
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0.60 
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0.58 

1.0280 

1.0274 

40.90 
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88.93 

3.00 

8.07 

0.62 
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I .0270 

40.75 
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10.25 

89.31 
89.75 

2-95 
3.20 
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6.95 

I . 0288 

I . 0262 
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0.55 

I . 0230 
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2.20 

6.14 

0.38 

1.0224 

1.0207 

34.70 

lB6  APPENDIX. 

The  method  of  curdling  employed  in  the  author's  laboratory  is  that 
of  Woodman  {p.  129),  using  acetic  acid,  and  Tables  I-III  show  the  varia- 
tion of  specific  gravity  and  immersion  refractometer  readings  on  milk  of 
different  composition,  the  refractometer  readings  being  made  at  20°  C. 

The  table  on  page  765  shows  analyses  of  milk,  selected  from  a 
wide  range  of  samples  regularly  collected  and  examined  in  the  routine 
of  food  inspection  by  the  Massachusetts  State  Board  of  Health. 

The  following  table  (II)  shows  analyses  of  a  whole  milk  submitted 
by  the  author  to  varying  d^rees  of  watering,  up  to  50%  of  added  water: 


II. 

CONSTANTS  OF  MILK  AND  MILK  SERUM.    A  WHOLE  MILK 

SYSTEMATICALLY  WATERED. 

Detemunatic™.  on  Milk. 

On  Uilk  Serum. 

Tot«] 

SoUdi 

^... 

R^^f^!" 

S^i!% 

Percent. 

Mio'"d 

(, 

.».6s 

4.00 

8.6s 

O.6., 

1.0187 

"33 

3.50 

7-83 

I. 0178 

1.0260 

89.90 

7.00 

I. 0251 

1.0230 

3fi  QO 

30 

8.95 

91 -OS 

6.15 

34.10 

40 

93-33 

3.40 

5.17 

0.40 

1.0191 

50 

6.43 

93 '57 

3.00 

4.43 

0-38 

I.OIS4 

38 -45 

Tabic  III  shows  a  centrifugally  skimmed  milk,  systematically  watered 
up  to  50%  of  added  water,  as  in  Table  II.  It  will  be  observed  that 
both  the  specific  gravity  and  immersion  refractometer  readings  of  the 
serum  in  Table  II,  agree  vcr\'  closely  with  those  of  the  skimmed  milk  in 
Table  III,  in  cases  ha\ing  a  corresixjnding  amount  of  added  water. 


REFINED  SUGAR  IN  MAPLE  PRODUCTS,  7^7 

A  comparison  of  the  immersion  refractometer  readings  of  the  serum 
of  milk  of  varying  quality  shows  at  once  that  the  refraction  of  the  serum 
is  a  general  index  to  watering.  A  reading  below  40  with  the  above 
conditions  carefully  observed  would  be  suspicious  of  added  water,  though 
39  might  more  safely  be  placed  as  a  limit|  below  which  milk  could  be 
declared  fraudulently  watered. 
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AcKKRMAN'x  E.  KT  VON  SpiXDLFR,  O.     SuF  k  Determination  de  I'Extrait  de  la  Biere. 

Jour.  Suisse  de  Chim.  et  Phami.,  1903,  No.  30. 
KioxKA,  H.     UelxT  nalurliche  und  kiinstliche  Mincralwasser.     Balneolog.  Zeit.,  14, 

Xos.  34  u.  35. 
Mattiifs,   H.     Quantitative   Hcstimmungcn  wasseriger  Liisunguen  mit  dem  Zeiss'- 

schcn  I'jntauch-Refraktometer.     Zeits.  fur  Unters.  der  Nahr.  u.  Genuss.,  1902, 

P-  1037- 
UelxT   refraktometrische   analytische   Bestimmungsmethoden.     Zeits     fur   anal. 

Chem.,  13  (1904),  Heft  2. 
Matthes  H.,  u.  Muller,  F.    Ueber  die  Untersuchung  des  Milchserums  mit  dem 

Zeiss'schen  Eintauchrefraktometer.    Zeits.  fur  5fiFentl.  Chem.,  1903,  p.  173. 
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THE  DETECTION  OF  REFINED  CANE  SUGAR  IN  MAPLE  SUGAR 

AND  SYRUP. 

Method  of  Julius  Hortvet.* — ^This  method  depends  on  the  principle 
that  the  volume  of  the  precipitate,  by  treatment  of  the  sugar  solution  or 
syrup  under  fixed  conditions  with  alumina  cream  and  subacetate  of  lead, 
varies  with  the  amount  of  refined  sugar  present. 

Apparatus. — (i)  A  tube,  adapted  to  be  carried  in  the  shield  of  the 
centrifuge.  This  tube,  which  is  15.3  cm.  in  length,  has  a  wide  cylindrical 
portion  :^  cm.  in  diameler,  narrowed  at  the  top  to  a  neck  2  cm.  in  diameter, 
and  at  the  bottom  to  a  stem  graduated  in  tenths  to  5  cc. 

(2)  A  holder,  made  of  pine  or  white  wood,  of  a  size  adapted  to  carry 
the  tube  in  the  shield  of  the  centrifuge.  The  holders  and  tubes  should 
be  arranged  in  balanced  pairs  in  the  centrifuge. 

Procedure. — Introduce  5  cc.  of  syrup  or  5  grams  of  sugar  into  the 
tube.     Add  10  cc.  of  water,  and  dissolve  completely.     Next  add  10  drops 

*  Submitted  for  adoption  among  the  food  methods  of  the  Association  of  OfUcial  Agricul* 
tural  Chemists. 
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of  alumina  cream,  and  1.5  cc.  of  lead  subacetate.  Shake  thoroughly, 
and  allow  to  stand  from  forty-five  to  sixty  minutes.  Place  the  tube  in 
its  holder  in  the  centrifuge  shield,  and  run  six  minutes.  If,  after  the 
end  of  this  time,  any  material  adheres  to  the  sides  of  the  wide  part  of  the 
tube,  loosen  with  a  small  wire  or  by  ^ving  the  tube  a  slight  twist,  then 
run  the  tube  six  additional  minutes,  and  finally  read  the  volume  of  the 
precipitate  in  the  stem,  estimating  to  0.01  cc. 

Run  a  blank  with  the  above  reagents  in  water,  subtracting  the  blank 
reading  from  that  of  the  precipitate.  In  the  case  of  syrup,  reduce  to 
the  5-gram  basis  by  dividing  by  the  specific  gravity  of  the  sample.  If 
the  sugar  content  of  the  sample  is  known,  the  specific  gravity  can  be 
calculated  from  the  table  on  page  499.  For  pure  maple  qrup  1.33  is 
very  nearly  correct. 

The  following  table  shows  results  obtained  by  Hortvet  on  two  samples 
of  maple  syrup  of  known  purity,  mixed  with  varying  amounts  of  refined 
cane  sugar  syrup  of  the  same  density: 


Com- 

Com. 

Com- 

Purity. 

Five 
Uinuta 

Precipi- 

Differ. 

Ten 
Minute*. 

^. 

Diffct- 

MinuM 

Avcipi- 

Difffr- 

Per  Ceol- 

cc. 

cc. 

ce. 

cc. 

cc. 

cc. 

cc 

ec. 

cc. 

100 

4.90 

3»9 

3. So 

JS 

0.70 

0.S3 

0.6s 

0.70 

o.os 

5° 

^t 

a. 45 

I. IS 

1.50 

1-S4 

0.14 

1.40 

1.40 

0.00 

75 

4-60 

S-40 

3.67 

0.93 

3-77 
4.40 

3.47 

0.30 

1.90 

3-75 

'■" 

=.„ 

O.,10 

0.54 

0.34 

0.28 

0-44 

0.16 

0-37 

ao 

1.37 

1.08 

O.IQ 

0.80 

o.SS 

0.70 

°-7S 

0.C5 

60 

5.00 

3.34 

1.76 

1.70 

1.64 

O.U 

1,70 

J. IS 

POLARIZATION  OF  COMMERCIAL  GLUCOSE.  7^9 

of  similar  experiments  with  his  own  centrifuge,  and  work  out  his  own 
standards.  Results  may  be  better  compared  with  each  other,  if  calculated 
on  the  water-free  basis. 

In  case  of  doubt,  and  in  fact  in  -Al  cases  at  first,  it  would  be  well 
to  make  confirmatory  tests,  such  as  determining  the  ash  and  reducing 
sugar. 

Data  on  the  Ash  of  Maple  Products. — C.  H.  Jones,  of  tlie  Vermont 
Exi)crimcnt  Station,  has  furnished  the  data  found  in  the  table  on  p.  770. 
Samples  marked  pure  were  of  unquestioned  authenticity,  and,  unless 
otherwise  specified,  were  of  high  grade. 

Pure  maple  products  from  farmers  rarely  run  below  0.6%  in  total 
ash,  while  pure  manufactured  maple  syrups  are  sometimes  lower,  due  to 
more  complete  settling  and  sei)aration  of  the  sediment  by  filtration. 

Jones  places  the  lowest  limit  of  ash  in  pure  maple  syrup  as  0.5%, 
on  the  basis  of  11  pounds  of  syrup  to  the  gallon. 

POLARIZATION   OF   COMMERCIAL   GLUCOSE. 

In  the  formula  given  on  page  505  for  determining  commercial  glucose 
in  molasses  and  syrup,  175  has  been  assiuned  as  the  maximum  polariza- 
tion of  42°  B^.  glucose,  based  on  the  previous  experience  of  the  author. 

It  seems  to  be  a  fact  that  the  polarization  of  this  grade  of  glucose  is 
somewhat  lower  now  than  formerly.  The  analyst  is  therefore  recom- 
mended to  keep  informed  by  experiment  from  time  to  time  as  to  its  limits 
of  polarization,  and  to  use  the  highest  limit  found  as  a  factor  in  the 
formula. 

Whatever  factor  ])e  adopted,  however,  by  always  exi)ressing  the  fmal 
result  in  terms  oj  t^lucosc  polarizing  at  that  jactor,  a  defmite  statement  is 
made.  Tn  the  case  of  lioney  and  similar  products,  note  the  correction 
given  on  page  515,  to  be  applied  to  the  assumed  factor. 
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Abbe  rcfractomctcr,  389,  397 
Abraslol.  (>7S 
Ahrus.  ^S 
AbsIlUlu',  (k:>, 
A(  «'l>  1  value,  400 
Acid  fiu  hsin,  ().\.\,  652 
Acids,  fatty,  ^71,  375,  40.?,  40-? 
of  acrtii"  scrit-s,  ^68 
of  linolt'ic  scries,  ;^69 
of  olei«    series,   t,(m) 
mineral,  in  vinegar,  616,  617 
organic ,  42 
Adams'  fat  nu'thod,  (;S 
"Aerale<i"  butter,  4;^S 
Agar  agar,  in  jelly,  724 
Aging  of  liquors,  5^4,  SQ? 
Albumin,  dctcmii nation  in  milk,  xzo 
of  muscle,  /65 
preparation  of,  205 
Albuminates,  38 
Albuminoids,  39 
Albumins,  37,  229 
Albumose,  38 
Alcohol,  detection,  527 

determination,  528 

by  distillation,  528 
by  ebuliost  o[>c,  545 
by  evajM)ration,  5^0 
from  si>e(  itic  gravity,  529 
exlrael  of  sj)ices,  312 
methyl-.  71,^ 
])rej)aration  of",  5(^3 
stills,  5  ^o 
tables,  5.^1-544 
Alcoholic  beNcrage^,  st-e  also  li(iuors,  >,2  7„  524 

refertn*  f>  on,  ()oy 
state  (  oiitrol  uf,  524 
toxic  clYei  t  (Af  525 
fenm-ntation,  523 
Ale,  576 
Aleurone,  7S 
Alkaloid. d  nitrogen,  41 
Alkaloid^,  ]'n><>f  ^f  al>M  lu  v  of,  590 
Alkanna  tini  tun  .  .^o 
AUanloin,  2  ^i 
Allihn's  sugar  nietli»»<l,  4(;3 

tables,  4«;4 
Allspice,  323 

adulteration,  326 
microscopical  structure,  324 


Allspice,  standard,  326 
tannin  in,  ^26 

Almond  extract,  y  \S 

adulteration  of,  749 
alcoliol  in,  7^1 
ben/aldehyde  in,  750 
hydrocyanic    acid    in,    749, 

nilro  hen/ol  in,  740 
Almonds,  bitter,  oil  of,  747,  74.S 
Alum  in  baking  powder,  2^>,,  263 
in  bread.  2 48 
in  tlour,  237 
in  pickles,  712 
Alumina,  determination  of,  263 
Aluminum  salts  in  Ixiking  jMnvder,  263 

in  cream  of  tartar,  263 
Amaf^it  and  Jean's  refractometer,  389 
Amides,  40 

in  milk,  1 1 1 
Amido  adds,  40 
Amido  nitrogen  determination,  64,  iiz 

in  wheat,  231 
Ammonia,  determination,  64 

in  baking  powder,  265 
in  foods,  41 
in  milk,  1 1 1 
Ammonium  fluoride,  676 
Amylodextrin,  ^^it^^ 
Amyloid,  7(),  80 
Analyst,  fum  tions  of,  3-4 
Angostura,  (K>y, 

Anilin  orange  in  milk,  134,  135 
Annatto  in  l>utter,  435,  436 
in  milk,  13  j,  135 
te■^t^  for,  ()37 
AntipejJtonr-^,  ^c; 
Antisej>tii  s,  mc  al>o  j>re--«T\ative3 

regulation  of,  (^(u 
Apparatus.  iS 

Apple  essen*  e,  artiJuial.  7^2,  753 
Apple  juice,  5^0 

Apples,  (•c>m|M»itii>n  of,  215,  216,  550 
Araban,  2  2(^ 
Arabinose,  22^,  2  2() 
Arata's  C()l»)r  met  hoi  1,  641 
Army  rations,  201 

Arsenic  detection  and  determination,  64,  65 
com(X)un(ls  in  colors,  631 
Gutzcit  test  for,  511 
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Araenic  fa  beer,  580,  591,  59J 

M«i^  apparatus,  65 

i-arietics  of,  575 

AitifidBl  colors.  618 

unc^.sS. 

fruit  essences,  751 

,-dss-.  576 

wort,  ;8i 

lefeiences  on,  687 

gravity  of.  ^81-587 

A«prDl.fr78                   .        ,    ^ 

Beeswax,  ji^                                   ^        _ 

Bert  (otJor).  636 

of  food,  43 

Bdlier-'s  peanut  oil  test,  425 

Mpuiipn,  40,  J31 

Benches.  t3 

Auranun,63o 

WnWictine.  605 

BenialdehTde,  748,  750 

Babcock  (al  method.  100 

artificial,  J5I 

nulkfonnuli.  ws 

Bemeic  add,  673 

test  bottles,   lOI 

detection  of.  .4^673,  674 

BackKiin's  mame  oil  test,  420 

in  milk,  142 

Baking  powdos,  154 

Belainc,  40.  231 

adulteration  of,  336 

Bigeiow  and  McElfoy's  cane-sugar  mctbocV 

phosphate,  255 

lailrale,  154 

Bilberry  (color),  6j6 

Banana  esaeooe.  anifidal,  752.  753 

Birotatiun.  469,  47<> 

B»tt  as  an  adulterant,  330 

Bitter  almonds,  oil  of,  747 

Baricy,  aij,  141.  243 

Biuret  reaction,  37 

protods,  118,  jjj 

BlackberT>'  (color).  636 

starch,  an 

Blast  pump.  17 

Basic  colors,  639.  &4J 

Blue  colors,  631,  658 

Beading  oil,  597     ■ 

"Blown"  cans,  692 

Beaiu,  113 

Bock  beer,  576 

Beaumd  and  Brii  scales  compared,  499 

"Boiled"  butter,  438 

Bechi'a  cottonseed  oil  test,  418 

Bombay  ma«,  365 

Bomb  calorimetei-,  41 

culsof,  i6s 

Bona,  tidy 

slcaxin,  micioscopical  structure,  455 

Boric  add,  667 

lallow,  430 

detection,  141,  668 

Beei.  574 

determinalion,  667,  669,  67O 

addj  in,  588 

in  butter,  4  0 

inmeat,  ,74,  .8; 

aloes  in,  591 
aoaiytical  methods,  581 

in  milk,  141.  144 

Bourbon  whiskey,  505 

araenicin,  580,  591,  S9a 

Brandv,  ;<i7 

ash  ot.  j79             

adulteration  of,  598 

^H 
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Buckwheat,  213,  33^ 
Burgundy  wine,  artificial,  560 
Butter,  157,  430 

adulteration  of,  434 

analytical  methods,  43a 

annatto  in,  435,  436 

ash  in,  433 

azo  colors  in,  436 

boric  acid  in,  436 

carrotin  in,  435 

casein  in,  433 

coloring  in,  434 

fat,  c<)mj)osition  of,  431 
standard,  433 

foam  test,  446 

formaldchdye  in,  437 

glucose  in,  450 

microscopical  examination  of,  448 

milk  test,  446 

preservatives  in,  436 

references  on,  458 

renovated,  4^8 

siilicvlic  acid  in,  437 

sidt  in,  433 

standard,  433 

sulphurous  acid  in,  438 

Waterhouse  test,  446 
Butterine,  438 
Butterine  oil,  423 
Butyro-refractometer,  390,  443 

critical  line  of,  443 

limits  of  butter  readings,  444 

oil  readings  on,  398 

olive  and  cottonseed  oil  readings^  415 

special  thermometer  for,  445 

Caffeine,  280 

determination  of,  281 

in  cocoa,  303 
Caffeol,  280 
CafTetannic  acid,  289 
Cake,  2.\i) 
Calcium  carlw^nate  crystals,  78 

oxalate  crystals,  78 

sucrate,  156 
California  wines,  558 
Caloric,  42 
Calorimeter,  lx)ml),  42 

respiration,  2 
Camera,  84 

Cammcml>ert  ( lu-cse,  158 
Canada  ])alsam,  74 
Candy,  see  (onfectioiiery 

standard,  51  7 
Cane  sugar,  4^)1 

analysis  of,  480 
ash  of,  4^)^ 
com|)osition  of,  464 
detection  of,  480 

in  milk,  145 
determination  of, 

by  copper  reduction,  497 


Cane  sugar,  determination  of,  by  pclarixxH 

ctiy,  481,  508 
in  cereals,  327 
^  inversion  of,  483,  484 

manufacture  of,  463 
moisture  in,  481 
quotient  of  purity,  481 
refining,  466 
test  for,  480 
Canned  food,  689 

analysis  of,  691 
antiseptics  in,  705,  706 
composition  of,  691 
decomposition  of,  692 
impurities  in,  6(^2 
metallic  impurities  in,  694 
method  of  canning,  690 
references  on,  754 
Canned  fruits,  689,  (x)\ 
meats,  175 
vegetables,  68q,  691 
Cans,  detection  of  spoiled,  692 
gases  from  spoiled,  693 
Capers,  711 
Capsidn,  342 
Caramel,  638 

in  distilled  liquors,  603 
in  milk,  134,  136 
in  vanilla  extract,  739 
in  vinegar,  625 
Carbohydrates,  41,  42,  219 

of  cereals,  218,  227  , 
of  eggs,  205 
Carbon  dioxide 

in  baking  chemicals,  359,  960 
in  beer,  589 
in  yeast,  250 
Camin,  165 
Carrot  (color),  637 
Casein,  38,  89 

determination  in  milk,  209 
Caseose,  38 

in  cheese,  161 
in  milk,  iii 
Cassia,  326 

adulterati()n  of,  330 
buds,  327 

microscopical  structure,  318 
oil,  327,  747 
standard,  330 
Cayenne,  341 

adulteration  of,  343 
coal-tar  colors  in,  345 
colors  in,  345 

microscopical  structure,  343 
minerid  adulterants  in,  344 
oil  of,  342 
rcdw<xKl  in,  345 
standard,  344 
Cazeneuve*s  color  scheme,  57a 
Cellulose,  79,  81,  218,  224 
Centrifuge,  milk-fat,  loi 
universal,  23 


it  fiber  m,  iiS,  118 
dntrisiB,  >!} 


milk  sugsT  in,  161 

nidngen,  vster  sduble  lit,  t6t 

paranurlein  in,  161 


wbokmilL,  15S 
Clnoa*7,  »94,  »9* 
Oiili  lauce,  709 
CTiflUm  eh««,  158 


CinnaiDOD,  micnBcafical  UiulJuic  ct,  339 

stasdanl,  330 
Ckra^  745,  7«6 
CkiK  acid  in  milk,  91 

ia  Ennl  prodocts,  723 

IB  liinc  juice,  717 
atiDoclUl,  74ti 
CitiDDcfia  oil.  745,  746 

CIlBli.   100 

CUret  wine.  557 

in  tDkToaai{7.  So 


CIcTKCt's  formub,  4S3 
Cloves,  314 

iidulHTjIioo  of,  310 

rooiaiiut  ftteHs  is,  3a  1 

exhausted,  310 

micnisccijriial  stmctmc,  318 

oil  of,  747 

stems.  319 
tannin  in.  317 
CotMsTookm,  63q 

acid,  639,  6*0,  &t3 
Aiala's  meibod,  &(i 
hasK,  6j9,  a»o,  643 
dasdfic^tioo.  6j9,  644,  645 
dctcctioBof,  64a 
douUc  drcing  method,  641 
dvcing  wool  by,  640 
eztraclioa   by   aniyl   alcobc^ 

idea[i6catioD  of,  6qo,  651 
in  milk,  137 
in  sausages,  iqo 
Rota's  scheme  for,  644 
sepaiatioo  with  ether,  643 


Coon,  igq.  3< 

aduliemUoR  of.  304 
albuminoids  in.  304 
alkali  in.  305 
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Cofifee,  ash  of,  290 

caffeine  in,  291 
caffetannic  add  in,  289,  291 
caffeol  in,  289 
chicory  in,  294,  296 
coloring  of,  29i8 
essential  oil  of,  289 
fat  in,  28(),  2qi 
glazing  of,  2(>8 
microscopical  structure,  293 

"pellets,"   2()2 

referenc  e<^  on,  308 
starch  in,  293 
substitutes,  2(>8 
Cognac,  507 

oil,  598 
Collagen,  40,  165 
ColKxiion  silk,  572 
Colors,  artitk:ial,  628 

acid  fuchsin,  644 

arsenic  (oni pounds,  631 

barium  ct)niixjunds,  630 

basic,  643 

blue,  631,  632,  634,  658 

brown,  632,  634,  656 

caramel,  03S 

chromate  of  lead,  638 

coal  tar,  630 

cochineal,  638 

copper  compounds,  630 

cudbear,  637 

extraction  of,  by  immiscible  sol- 
vents, 642 

fuchsin,  643 

green,  631,  632,  633,  658 

harmless,  630,  632 

identification  of,  650,  652 

indigo,  638 

injurious,  630,  631 

in  butter,  434 

in  cayenne,  345 

in  (<)nf<(  liiiiuTv,  51S,  634 

in  'y^\^^\>  and  jellies,  723 

in  keli  hup,  7CH) 

in  milk,  13  i,  137 

in  mustard,  3<>o 

in  .-^U'^ar,  .jOO 

leail  t  hromal*'.  ^138 

lca<l  i<im|><uinds,  ()3o 

logwood.  ()\-j 

nitre  ury  i  iciipounck,  O31 

mineral,  (>vS 

3K)n  injurious,  <>  y\  ^'3- 

orange,  h^j,  r.;;^,  h^f),  ()54 

or«  hil,  ^)^;,  ()\2 
Pru.-»ian  blue,  f>  ;S 
reagents  for  i<lcruifying,  651 
red,  O31,  ()\2,  (\\t),  O52 
referenc  e>.  on,  i)()o 
Rota's  s<  heme  for,  644 
separation  by  jjol vents,  644 
toxic  effect  of,  629 
turmeric,  637 


Colors,  ultramarine  blue,  638 
vegetable,  635,  642 
violet,  632,  634,  658 
wool  dyeing,  640,  642 
yellow,  631,  633,  636,  637,  654. 
Colostrum,  93 

Commercial  glucose.     See  Glucose 
"Compound"  focxis,  717 
Compressed  yeast,  250 
Conalbumin,  204 
Concentrated  fcx)ds,  201 
Condensed  milk,  146 

analysis  of,  148 
as  a  milk  adulterant,  146 
ash  <)*",  Mg,  1^2 
cane  su^ar  in,  131,  152 
composition  of,  147 
fat  in,  i4(;,  151,  152 
milk  sui^ar  in,  150 
proteids  in,  150,  152 
st)lids  of,  I  |vS 
standards  for,  148 
Confectionery,  5 1 7 

alcohol  in,  521 
analysis  of,  51S 
arsenic  in,  521 
cane  sugar  in,  520 
colors  in,  518,  521 
dextrin  in,  520 
glucose  in,  521 
invert  sugar  in,  520 
lead  chromate-  in,  519 
mineral  adulterants,  519 
paraflfm  in,  519 
starch  in,  520 
Conglutcn,  38 
Connective  tissue,  165 
Copper  salts,  699 

determination  of,  702,  703,  704 
in  vinegar,  626 
Copra  oil,  42c) 
Cordials,  605 

analysis  of,  (^o6 
composition  of,  f)o6 
Corky  tissiu-,  77 
Corn,  213,  24-j,  2  J 5,  .\2  2 

bleai  hin^  of  carmed,  706 
oil,  A2  2 

•^ito^le^ol  in,  423 
protii(U  of,  jiS,  2^^ 
Stan  h,  J2I 
syrui),  170 
Corning  of  meat,  173 
Cottonseed,  417 

oil,  J17 

tests  for,  418 
stearin,  41S 
Cotton's  cane  sugar  method,  145 
Coumarin,  732 

determination,  737 
microscopical  struc:ture,  738 
Cream,  153 

adulteration  of,  155 


Creftin,  analj-dcal  mettods,  154 

Edam  cheese,  187 

cheese,  15S 

Edestin,  aji 

gelatin  in,  155 

Eggs,  203 

standards  for,  155 

analytical  methods,  107 

sucrate  of  lime  in,  155 

ash  of,  106 

test  scale,  15a 

carbohydrates  of,  105 

oscoRenin,  isS 

com  position  of,  103 

Cn»m  of  tartar,  .57 

desiccated,  aog 

in  «-ine,  579 

fat  of,  205,  106 

Cteadn,  16s 

lecithin  determination,  307                            ' 

Crealinin,  165 

phjHcal  examination  of,  109 

Crtire  de  menthe,  606 

preservation  of,  308 

Creme  de  Noyau,  605 

proleids  of,  105 

Crude  fiber,  jiS 

references  on,  11 1 

in  cereals,  3j8 

Crustaceans,  300 

»-aterglass  as  a  preservative  ao8 

Crystals,  plant,  78 

weights  of,  306 

Cucumber  pickles,  711 

while  of,  104 

Cudbear,  637 

yolk  of.  305 

Cupraimnotiia,  3i 

Elaidin  oil  icsl,  403 

Cura;oa,  605 

Elastin,  40,  ,6s 

Curcuma,  35a 

Elderberry  (color),  636 

.      Curcuniin,  351 

Elearolydc  appaialus,  493 

Cur<l  tests  in  butter.  747.  7SO 

Elm  bark,  330 

Curing  meal,  17.? 

Emergency  rations,  aol 

Cunanl  (color),  636 

Ergot,  339 

Curry  powder,  350 

Essential  oils,  74s-  747 

Custard  powdere,  aid 

Dakota  musUrd,  360 

vent,  58 

Dale  stones,  297 

Eucasin,  IZ3 

Defren-O-SulUvan  sugar 

Eugenol,  314 

method,  114.489 

E«^'smilg. 

Defrcn's  sugar  tables,  490 

Exhausted  doves,  330 

Desiccated  cgif,  7og 

ginger,  347 

Dculyro-alhuniose,  30 

lea  leaves,  iSs 

Dextrin,  470 

vanilla  beans,  731 

Exhaust  pump,  iS 

in  cereals,  Ji8 

Extraction  with  immiscible  solvents,  Ca 

in  rIucobc,  510 

volatile  solvents,  5S 

in  honey  and  molasses,  506 

Dextrose,  468 

"Faints,"  393 

determintlion  of,  486,  487,  508 

Farinaceous  infants'  foods,  370 

Diastase  in  mall  cxiract,  59^,  593 

Fat  globules.  ;S 

■ 

Fchling'a  solution,  485 

Fruit,  syrups,  798 

equivalents  of,  487 

tissues  under  the  IB 

Fcrmeotadon,  aeclic,  6og 

Fuchsin,  64  i,  O48 

alcoholic,  SJj 

Fuel  value.  4! 

lactic,  Qi 

Funnel,  jacket  ted.  371 

proteolytic,  laa,  157 

Furfural,  »ls,  43[                "TJp 
in  distilled  liquors,  66$ 

feaa's  lacloscopf,  127 

in  vinegar,  635 

Fibrin,  8q 

Fusel  til,  59?,  594 

Filim  vascular  tissue,  76 

detection,  (Soi 

Filled  cheese,  159 

detetininalion,  601 

toxic  effect  of,  597 

preservatives  in,  loi 

Fuatic636 

Flavoring  extracts,  728,  747 

references  00,  JS* 

Game,  composition  of,  170 

Flesh  hases,  165,  184,  19= 

Gases,  in  spoiled  cans.  693 

foods,  .65 

Geissler's  carbon  dioxide  apparatus,  435 

Gelatin,  40,  165 

Floor,  13. 

Flour.  335,  '41 

in  meal.  '183 

adulteration  o£,  137 

Gerber's  milk  centrifuge,  100 

aluni  in,  337 

Gili  and  Hatch's  ail  calorimeter,  387 

cold  water  extract  of,  338 

Gin,  600 

pluten  in,  238 

Ginger.  345            . 

inspection,  336 

Fhioborales,  676,  677 

black.  346 

'Fluorides,  676 

coid  water  extract  of,  34S 

■yiw)^cal«i.676.677 

exhausted,  347 

'  "Foam"  M»t  for  huttCT,  446 

liming  of,  i^ft 

Food  adullemliott.  5 

microscopical  Mnielurt 

<4*«  • 

oil  of.  346,  747 

analysis,  general  mclliods,  4 

root,  346 

references  on,  67 

standard,  ijo 

concentraud,  lai 

white,  J46 

ecoiwmy,  references  on,  44 

GliarJin,  330,  333 

Inspection,  3,  5,  6,  9 

Globulins,  17,  »i9 

Globuloae.  3» 

,            nature  and  composition  of,  35 

Gludn,  687 

L            Btandarda,  3 

Glucose,  47a 

1            Slate  control  of,  i 

aoalvsis  of,  jog 

,                      references  on,  10 

arsenic  in,  511 

Fore  milk,  93 

composition  of,  471 

dctemiinalion  of,  in  hooey,  514, 769- 

Formaldehyde.  138.  144,  664 

detection  of,  140,668 

769 

determination   at,    141,    665. 

667 

heallhfulncssof,  471 

resorcin  lest  for,  666 

inbeer,  577,  579 

Fottlfied  wine,  55s 

in  butler,  450 

Frozen  milk,  test  tor,  93 

polarization  of.  769 
test  for,  510 
Glucoses.  461 

Fniil,  116 

candied,  519 

Gluten,  130,  331,  238 

composition  of,  315 

Gluten  flour,  139 

1              essences,  artificial,  751,  753 

Ghitenin,  3,,o.  232 

\           juices,  714,  715,  7^5,  736 

Olycerio  in  vanilla  ejrtract,  738 

1              methods  of  pmximate  analysis,  217 

in  wine.  570 

1            products,  6&9 

Glycerin  jelli-,  74 

B                            references  on,  754 

Glycogen,  i«> 

f            »£erencc8  on,  173                                   1 

detection.  187 

eugar.     Sec  I^vulosc. 

fHigBr-roalrd,  519 

Goar»mllk.9i 

»usar  in,  463 

Graham  flour,  136 

778 


Grape  juice,  7»6 

Infants' ftxxls,  analytical  melhods,  271 

Crape  sugar.     Sec  Dextrose 

classification  of,  ifK> 

Crape  sugar,  standanJ,  469 

cold  water  citraci  of,  27  j 

Green  colors,  631,  658 

microscopical  examination  o( 

Groats,  335 

373 

Gruyire  cheese,  158 

preparatioD  of,  369 

Gums,  77 

Inosite.  166,317 

Cunning-Arnold  niirogen  method,  334 
Gunning  nilraoen  melhods,  61,  63 

Inspection  of  foods,  3,  5,  6, 9 

flour,  536 

Gutieita.^iuctest,5i. 

hcjuors,  sas 

niiik,  133 

Hemoglobin,  165 

Inulin,  II J 

Halphcn  cottonseed  oil  test,  419 

Invalids'  foofis,  i6q 

Hanus'  iodine  alisorption  method,  3S3 

Im-ersion.  461 

Hefetmann's  Bombay  mace  test,  365 

Invert  3U((ar,  484 

Hehner  and  Richmond's  milk  formula,  115 

detection  of,  484,  507 

Ilehncr's  method  for  insoluble  fatty  adds.  370 
Hcidenhain's  tartaric  add  method,  261 

delemiination  of,  486.  4S7 

Iodine  absorption  of  oils,  380,  383,  384 

Hemicellulosc,  J15,  ij8 

Iodine  in  potassium  iodide,  79 
Irish  whiskey,  555,  597 

Hemipeptones,  31) 

H«k  wine.  5,9 

Jams,  713.     See  also  JelUea 

Hollmeister's  sch^lchen,  5S 

aduKeralion  of,  713.  717 

Holatcin  cows,  milk  from,  134 

analysis  of,  7  'S 

Honey,  sn 

apple  stock  in,  735 

analysuof,  jia 

dextrin  in,  7j» 

composition  of,  511 

glucose  in,  Jii 

gelatin  Id,  513 

polariialion  of,  7r9 

giunnein,  514,  769 

starch  in,  714 

invert  sugar  m,  513 

sugars  in,  719,711 

Hoods,  14 

Jellies,  711.  713.    See  also  Jami 

Hops,  S7S 

adulleration  of,  713,  716 

subslitules,  S77 

agar  agar  in,  714 

Horseflesh,  chBracteri><tics  of,  t86 

analysis  of,  718 

composition  of,  176 

detection  of,  187,  i8g 

coloring  matter  in,  72J 

glycogen  in,  .87 

composition  of,  714 

Horse  radish,  7U 

gelatin  in,  724 

Hortvct'i  maple  sugar  method,  767 

glucose  in,  721 

HUbl'R  iodine  absorption  method,  3S0 

preservatives  in,  724 

Human  milk,  Qt,  1  lit 

sugars  in,  719,  720 

Hunirarian  red  [leppcr.  341 

1 

Ladatcd  infants'  foods, 
I^cloglobulin,  S9 
Laclometec,  95,  Ix-j 
Laciostopc,  137 


nilk,  I 
Soihlet's  tabic  for,  116 
La({erbeer,  57s 
Lamb,  composition  of,  169 

cuts  of,  i6q 
Landwehr's  glycogen  melhod,  iSS 

adulteration  of,  453 

"compound,"  453 

iodine  number,  456 

keltic  rendered,  451 

leaf,  451   ^ 

microscopical  eKWiioaiion  of,  454 

neutral,  453 

oil,  452 

references  on,  459 

standards,  453 

stearin,  453 

•ubstitutM,  456 
lament's  «accharimeter,  478 
Lead  duomate,  519,  G38 
Lead,  M^ts  of,  694,  69S 

dcfennination  o(,  701,  701,  704 


reumocM  on,  a75 
L«dt)iln,4i 

detcnnlnatloD  of,  to? 
LeffiMiwi  attd  Beun's  method  fat*  voktib 
fatty  adds,  377 
milk  centrifuge,  100 
Legumes,  113 

ash  of,  134 
Legumin,  38 
Lraioa  eiiract,  739 

oduUcralion  of,  739 
alcoliul  in,  74J 
analysis  of ,  741 
citric  acid  in,  744 
colors  in,  744 
composition  uf,  741 
Icmiin  oil  in,  742,  744,  74S 
methyl  alcohol  in,  743 
Etand'ani  for.  739 
tartaric  acid  in,  744 
Lemongiass  oil.  745,  74(1 
Lemon  juice,  717 
l*nion  oil,  745.  747 

dclcniiination  of,  74a 

Leuccain,  331 

LenlloU'  bnimtne  absorption  method,  385 

Levukne,  4^ 

detenalnatlati  of,  486, 4S7,  jeS 
Ijebi^'a  meat  extiact,  iga 
"-^ 13 


Lignin,  So 

lime,  determination  at,  364 

in  spices,  311 

juice.  7>; 

suciate  of,  155 

svsler,  in  vinefpr  analj 
Liming  of  ginger,  346 
Limonene,  746 


5,  (Sos 
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analysis  of,  606 
Liquor  inspcttlon.  515 
Liquors,  alcohol  in,  537,  518 

analytical  methods,  537 

ash  of,  547 

distilled,  593 

analytical  methods,  601 

erfracl  ot,  547 

fermented,  548 

mailed  and  non-malted,  578 

preservalivea  in,  547 

specilic  gravity  of,  517 
Iiobster,  composition  of,  300 
Logwood.  637 
Long  pepper,  340 
Ixjw  wines,  595 

Macaroni,  366  ^^ 

Macassar  mace,  365  ^B 

Mace,  360,  363 

adulteration  of,  364 
Bombay,  365 
Macassar,  363 

microscopical  stnicWrBof,  364 
oil  of,  747 
standard,  364 
Madeira  wine,  557 
Maue.     See  Com 
Uak^  wine,  560 
MfHcadd  in  cider,  569 
in  vincjjar,  61; 
in  wine,  569 
Mallet's  phosphotungsiic  add  mctliod,  i8a 
Malt,  574 

extracts.  185,  =34,  59^.  593 
liquors.  574,  578 
substitutes,  577 
rinegar,  612 
Malting.  574 
Maltose,  4IH) 

dettTlion  of,  507 
determination  uf,  486,  488,  508 
Maple  sap,  466 
sugar,  466 

adulteration  of,  467,  767 
ash  of,  467,  769,  770 
syrup,  466 

adulteration  of,  467,  767 
ash  of,  467,  769,  770 
MarMcMoo,  6°$ 
Mate'i  mUk,  91 
Marigold,  637 
"  *   color  method,  191 

'J 


Martin's  color  scheme,  434 

Microscope,  reagents  tor,  78 

"Mnlema"  milk  modifier,  m 

stand,  70 

Microscopical  diagnosis,  74 

Mayrhofer'a  glycogen  method,  189 

Millc,  88 

McGill's  drying  oven,  481 

Milk,  addily  of,  .17 

Meal,  microscopical  examination  of,  1139 

adulteration  of,  123,  ia4 

Meat.  les 

anilin  orange  in,  134,  135 

aniisepiics  in,  174 

annatto  in,  134,  135 

bases,  165,  1S4,  19a 
boric  add  in,  174.185 

ash  of,  91.  98 

ashing  of,  133 

ass's,  91 

cunning  of,  175 

boiled  milk,  detection,  .19 

odors  in,  190 

caramel  in,  134,  136 

cooking,  efFect  of,  1 74 

carbonate  in,  142 

coming  of,  173 

curing  of,  173 

coloring  matter  in,  134-137 

■t                                  ettracla,  152,  194 

composition  of,  88-90 

albumin,  acid,  tg; 

coagulable,  197 

fat  of!  91,  98 

albumoses,  197 

fenncnlations  of,  93 

amido  nitrogen,  196 

foods,  prepared,  lai 

ash  in,  19s 

fat  in.  19s 

formaldehyde  in,  138,  14O 

flesh  bases  in,  196,  197 
meat  liber  in,  197 

goat's,  91 

nitrogen  compounds  of,  igd 

inspection.  113 

peptones  in.  197      ^ 

known  purity,  1:14,  135 

preaervauves  in,  19S 

mart's,  91 

proleoses  in,  197 

microscopical  appearance,  38 

iat,  composition  of,  179 

modified,  1.9 

fiber  determination,  181 

nitrogen  compounds  in,  89 

gelatin  detenni nation,  183 

inspection,  171 

preservatives  in,  137,  143 

manufactured,  171 

pniteids  of,  89 

nitrates  in,  1S4 

records  of  analysis  of,  13a 

references  on,  163 

nitrogenous  bodies,  separation  of,  180 

ropy,  94 

peptones  in,  165,  181 

sampler,  95 

serum,  refraction  of,  139.  T^S.  jSj 

pickled.  173 

specific  gravily  of,  IJ9 
skimmctl,  135 

prepared,  179 

preservation  of,  172 

sour,  analysis  o[,  146 

preservatives  in,  174,  184 

souring  of.  93 

1 
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Moisture,  detennination  of,  55 
Molasses,  463,  464 

adulteration  of,  504 

analysis  of,  498 

ashing  of,  506 

clarifying,  502 

glucose  in,  505,  769 

standard  for,  506,  507 

sucrose  in,  4q8 

tin  in,  507 

vinegar,  613 
Mollusks,  200 
Mucin,  40 
Mucoid  proteid,  qi 
Muscle  albumin,  165 

fibers  in  meat,  165 
sugar,  166,  190 
Muscovailo,  464 
Mustard,  ^53 

adulteration  of,  359 

ash  of,  357 

black,  353 

cake,  35s 

coloring  matter  in,  360 

Dakota,  360 

flour,  3S4 

microscopical  structure  of,  358 

oil,  fixed,  354,  426 
volatile,  353,  357 

pickles,  711 

sinalbin  in,  354 

mustajxi  oil,  354 

sinapin  sulphocyanate,  357 

standard,  359 

starch  in,  359 

turmeric  in,  360 

volatile  oil  of,  353 

wheat  in,  359 

white,  353 
Mutton,  composition  of,  169 

cuts  of,  169 

tallow,  430 
Myosin,  37,  149 

Natural  wine,  555 

Neuf{  hatcl  cheese,  158 

Nickel  sails,  701 

dflermination  of,  705 

NiclxM's  glycogen  inolhcxl,  iSS 

Nitrates  in  f(M)(i,  41 

NilrolK'n/ol,  74(),  7^0 

Nitrouen  compounds  in  milk,  in 

Nitrogen,  dctcrminalion  of,  61,  63 

Nitrogen  free  extr.K  i,  4S 

Nitrogenous  iKMlie^. 

classitu  alion  of,  36 
separation  of,  in  cheestr,  160 
in  meat,  180 
in  milk,  iii 

Noodles,  266 

Notification,  9 

Noyau,  605 

Nudein,  40 


Nutmeg,  360,  361 

adulteration  of,  36a 

Macassar.  363 

microscopical  structure  of,  36a 

oil  of,  747 

standard,  362 
Nutrose,  121 
Nuts,  composition  of,  216 

Oats,  213,  218,  242,  244 

starch  in,  221 
Oil  calorimeter,  387,  388 
Oil,  bitter  almond,  747,  748 
cassia,  327,  347 
clove,  747 
cocoanut,  429 
corn,  422 
cottonseed,  417 
ginger,  346,  747 
lard,  452 

lemon,  742,  744,  745 
lemongrass,  745 
mace,  747 
mustard,  fixed,  354,  426 

volatile;  353,  357 
nutmeg,  747 
oleo,  439 
'  olive,  412 
orange,  747 
peanut,  433 
peppermint,  747 
poppyseed,  427 
rape,  421 
rosin,  428 
^  sesame,  419 
'  spearmint,  747 
sunflower,  427 
wintergreen,  747 
Oils,  edible,  368.    See  also  Fats 
acetyl  value,  400 
analysis  of,  370 
bromine  absorption  of,  385 
bromination  test.  'i,^() 
cholesterol  in,  404,  400,  408 
constants  of,  410,  411 
elaldin  lest,  402 

fatly  acids  in,  375,  377,  402,  403 
iodine  absorption  of,    ^So,    ^S^, 

3«^4 
judgment  as  to  j<iirily  of,  370 

Maumene  le-^t.   i,S(} 

melting  poiiu,  374 

microMopital    examination    of, 

409 
phytosterol  in,  404,  406,  408 

rant  idiiy  of,  370,  431 

references  on,  457 

refractometer  for,  38(; 

Reichert-Meissl  numl)cr,  375 

saiK>nitication  (jf,  369,  379 

sitosterol  in,  423 

specific  gravity  of,  371 

factors,  372 


Oil*,  edible,  thermal  tests,  385 

Pepper,  long,  340 

titer  t«t,  403 

microscopical  atnicttw  of,  335 

nitrogen  in,  334 

m  ether  eitract,  335 

viscosity  of,  374 

OiU.  essential.  745 

olive  stones  in,  338 

piperin  in,  331 

adulters  tion  of,  451 

delerminatioii  of,  335 

constants  of,  441 

red.     See  Cayenne 

healthfuloess  of,  440 

shells.  ^7 
standard,  337 

44* 

white,  331 

manufacture  of,  439 

Peppermint  oil.  747 

microscopical  structure  of.  449 

Peptones.  ^8 

odor  and  taste,  44 1 

m  cheese.  161 

Zega'a  test  for,  450 

in  meat,  165,  i8t 

Oleooil.430 

in  milk,  iii 

Olive,  composition,  413 

Perry,  5  S3 

Olive  oil,  41  a 

Persian  berries,  636 

Petroleum  ether,  58 

examination  of,  4t6 

Phloroglucide,  ai6 

refraction  of,  415 

Phloroglucin,  225 

standard,  414  ' 

Phosphate  baking  powders,  155 

OUves,  pickled,  7ir 

Phosphoric  acid  in  baking  chemicals,  265 

Olive  stones.  338 

in  beer,  588 

Orange  colors.  630,  654 

Pbosphotungstic    acid    method   for  tiitrogei 

eMract,  748 

separation,  18 1 

oil,  747 

reaction,  37 

Orchil,  637,  642 

Photomicrt^raphy,  81 

O'SuIUvan's  sugar  methods,  114, 489 

camera  fol^  84 

Ovalbumin,  J04 

Phvtalbumose.  38 

Oven,  drying,  zo 

McGai's,  481 

Phytolacca.  636 

rhvlTOlcrol,  404,  408 

Ovomucin,  304 

I'irValilli,  7M 

Ovomucoid,  105 

Pickled  meats.  173 

Oxjgen  absorbed,  317 

Pickles,  708,  711 

etiuivalcnt,  318 

adullcrntion  of,  711 

Oysters.  200 

PickHngpump.  ,73 

Pineapple  essence,  752,  753 

Palas  rapeseed  oil  test,  4sa 

Pioscope,  128 

Paprika,  341 

Piotrowski's  reaction,  37 

Pamffm  in  confectionery,  519 

Piperin,  331 

in  fals,  409 

determination  of,  335 

inboney.  St6 

Planlcnstals,  78 

in  olfomargarine,  451    , 

Pliismon,  172 

■■ 
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Polarization  of  wine,  570 
Pof>pysced,  427 

oil,  427 
Pork,  composdtion  of,  170 

cuts  of,  170 
Porter,  576 
Port  wine,  557 
Potash  determination,  264 
Potassium  myronaU",  353,  357 
Potatoes,  214 

protcids  of,  2T,T, 
stardi  of,  222 
Poullrv,  (M>in])()siti(>n  of,  170 
Preparation  of  sain])le,  4() 
Preservatives,  061 

conuncn  ial  food,  663 
in  l)Utter,  4,^'' 
in  canned  ii<M)ds,  705,  706 
in  tish,  JO  I 
in  meats,  174,  18  j. 
in  milk,  137,  143 
in  t;il)li'  sail'.  eN,  710 
of  <'Ki^^,  20S 
refer(?nces  on,  679 
re«^ulati(;n  of,  662 
Pressure  i)ump,  iH 
Process  butler,  442 
Proof  spirit,  547 
Prosecution,  9 
Proteids,  36 

insoluble,  39 

of  barlev,  218,  233 

of  beer,'588 

of  cereals,  228 

of  condensed  milk,  150 

of  eggs,  205 

of  milk,  80 

calculation  of,  117 
determination  of,  109 
of  peas,  2:i,7^ 
of  |M)tatoes,  233 
of  rvi',  ?iJ>,  2yi 
of  wheat,  21S,  230 
Protein,  4S 

f.u  tor  for,  .}.'^ 
Protein  ^r.iin.^,  7.S 
Proleol\ii(    f.rinentation,  157 
Proleosr>%,  3S,  :2<) 
Pn)to-all>unio>e.  ^S 
Proxin.ate  an;dy>i-,  extent  of,  47 

expres-^ion  of  results  of, 

4-^ 
Pni-^>i;in  hliie,  63S 
Ptomaines.  172 

Publiiation  of  a<liillerate<l  ffKxls,  9 
Pulfrii  h   tefr;i(  tometer,    \^i) 

Pycnonuter,  -^i 
Pyrr>li;^neoii-  acid,  625 

Quassiin,  5^)0 
Qucrcitanni(  acid,  318 
Quevenne's  lactometer,  05 
Quince  essence,  artificial,  752,  753 


Quotient  of  purity  of  sugar,  481 

Raffinose,  2x9,  472 

determination  of,  503 
Randdity,  370,  431 
Rape  oil,  421 

test  for,  422 
seed,  421 
Raphides,  78 
Reagents,  31 

references  on,  34 
table  of,  24-30 
Red  colors,  631,  63^),  652 
Red  ocher  in  sau>aiies,  i()o 
Rerl  pepper.      See  (  avennc 
Red  win(?s,  554 
Red\v(K)d,  345 
References  on  })eer,  607 
butter,  458 
cereals,  _'73 
cocoa.  30S 
coffee,  308 
colors,  ()fK) 
dietetics,  440 
distilled  li(jUors,  608 
eggs,  2 1 1 

flavoring  extracts,  754 
food  economy,  44 

inspection,  10 
fruits,  273 

immersion  refractomcter,  767 
laboratory  equipment,  34 
leavening  materials,  275 
microscope,  86 
milk,  163 
oils,  457 
reagents,  34 
spicc*s,  366 
sugars,  522 
tea,  308 
vinegar,  626 
wine,  f)o8 
Refractomcter,  38() 

Abbe,  380,  307 

Amagat  and  Jean,  389 

butyro,  300,  143 

critic  al  line,  443 

healer  for,  301 

immersion,  7^7,  758 

I'ulfriih,  3v;()" 

sliding  >(  ale  for,  3f)6 

tables  for,  105,  394,  3'A  759» 

Wollny,  103,  389 
Reichert-Meissl  method,  375 
Reichcrt  number  of  butter.  445 
Reinsch's  test  for  arsenic,  592 
Relishes,  708 
Renard's  test  for  y>eanut  oil,  424 

for  rosin  oil,  428 
Renovated  butter,  438 
Resins,  77 
Respiration  calorimeter,  2 


Wee,  JI3 

Sesame  oil,  adulteration  of,  410 

itarch,  113 

Richmamt'i  cane  sufjar  method,  145 

seeds,  419 

sliding  milk  scale,  u^ 

Shern-«-ine.  557 

Rilthauscn"8  method  for  milk  prolcids,  109 

Shredded  wheat,  366 

RnSFfs  mustard  oil  melhod,  357 

Sic\c  tissue,  77 

Ropy  milk,  94 

Silent  spint.  593 

Ro>|Ucfort  cheese,  158 

Sinalbin,  353 

Rosin  oil,  41S 

mustard  ml,  353 

Rola's  color  scheme,  644. 

Sinii^in,  354 

Kubner'a  fuel  value  factors,  43 

SinlS,ls 

Rum,  599 

Sitosterol,  413 

^nce,  600 

Snioked  meats,  173 

sUndards,  599 

"Soaked"  goods,  707 

Bye,  113.  I4J 

Soda,  detPimhiation  of,  364 

proleidsof,  118,  333 

Sodium  bcnioatc,  673 

itarch,  33. 

bicHrlnnale,  3^8 

bisulphite.  675 

Sacdurimcter,  473 

carbonate,  in  milk,  143,  144 

double  wedge,  476 

hydmiidp,  tenth  normal  solution,  31 

forms  of,  478 

salicylate,  671 

normal  wdghls  for,  478 

Solcil-Ventzke  saccharimeter,  473 

scales  compared,  478 

Sorghum,  468 

single  wedge,  474 

Souring  of  milk,  93 

Soleil-Venlike,  473 

Sour  milk,  103 

triple  shadow,  476 

Koxhlel  extractor,  S7 

Sicchttrimctry,  473 

Soxhlel's  milk  sugar  method,  114,  116 

Saccharin,  68a 

Spaghetti,  360 

detection  of,  683 

Sparkling  wine,  555 

Spearmint  oil,  747 

Saccharine  products,  461 

Specific  gravity  bottle,  ji 

SsicharoBcs,  461 

of  bccswajt,  515 

Safflower,  637 

of  Uquids,  49 

Saffron,  637 

of  liuuoj^,  517 

■  sXrelM,  as8 

ofmllk,  05,  ..3 

Salicylic  add,  67  r 

temperature   comec 

detection  of,  143,  6jt 

tion  for,  97 

determinatioTl  of,  67a 

of  oils,  371 

in  meal,  174,  '85 

of  vinegar,  614 

in  milk,  143 

Specific  rotary  power,  479 

Salted  meats,  173 

Spent  lea  leaves,  385 

Sanalogen,  113 

Spites,  3.0 

Sanoic,  123 

adulterants  of,  31s 

■■ 
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Standards  for  butter,  453 
cassia,  330 
cayenne,  344 
cheese,  158 
dnilamon,  330 
cloves,  330 
cocoa,  304 
cream,  155 

ginger*  350 
grape  sugar,  469 

lard,  453 

lemon  extract,  739 

mace,  364 

meats,  172 

milk,  124,  126 

molasses,  507 

mustard,  359 

nutmeg,  362 

olive  oil,  514 

pepper.  337 

renovated  butter,  438 

rum,  5()<) 

sugars,  462,  469 

vinegar,  619 

wine,  559 

whiskey,  SQ^ 
Standard  solutions,  e<|uivalents  of,  33 

rcfractometric     readings 
of,  764 
Starch,  77,  219 

arrowroot,  233 
barley,  331 
bean,  222 
buckwheat,  333 
classification  of,  330 
com,  221 
detection  of,  219 
determination  of,  223 

by  acid  conversion,  223 

by  diastase  method,  223 

in  baking  i)owder,  262 

in  cereals,  228 

in  milk,  146 

in  siiu.s;iges,  185 

in  spices,  313 
oat,  221 
pea,  222 
|X)tato,  222 
rice,  222 
r}'e,  221 
sago,  223 
syruj),  470 
tapioca,  222 

und«r  iM)larized  light,  223 
wheal,  221 
State  control,  i.  3,  5,  <) 

references  on,  10 
Stearin,  beef,  455 

cottonst'ed,  418 
lard,  453 
Sterilized  butter,  438 
Still,  alcohol,  530 

fractionating,  59 


Still,  nitrogen,  63 

water,  20 
Still  wine,  555 
Stilton  cheese,  158 
Stokes'  milk  centrifuge,  xoo 
Stone's  method  of  carbohydrate  aeparatioOf 

237,  228 
Storch's  proteid,  91 
Strippings,  92 

Stutzer's  gelatin  method,  183 
Suberin,  77 
Sucrate  of  lime,  155 
Sucrose.     See  Cane  sugar 
Suction  pump,  17 
Suet,  430 
Sugar,  461 

analysis  of,  480 

lx*et,  4O5 

cane,  462,  463 

classifuation  of,  461 

grape.      Sec  DexVrose 

in  fruits,  4^)2 

maple,  466,  767,  769 

muscovado,  464 

organic  non  sugars  in,  481 

quotient  of  purity,  481 

raw,  463,  464 

references  on,  522 

refining,  466 

standards,  462,  469 

ultramarine  in,  466,  498 
Sulphuric  add 

in  baking  chemicals,  265 
in  vinegar,  6x7 
Sulphuring,  675 
Sulphurous  add,  675 

detection  of,  675 
determination  of,  676 
,    in  meat,  174,  184 
Sunflower  oil,  427 

seeds,  428 
Sweeteners,  artificial,  682 
Sweet  wine,  555 
Syrup,  analysis  of,  498 

maple,  466,  769 

mixing,  470 

starch,  470 

Table  sauces,  700 

preservatives  in,  710 
Tallow,  430 
Tannin  in  cloves,  317 
in  tea,  2S1 
in  wine,  571 
Tapioca,  222,  223 
Tartaric  acid  in  baking  j)owder,  261 

in  fruit  ])rtKiucts,  722 
Tartrate  l>aking  iH)wders,  257 
Tea,  276 

adulteration  of,  284 
analytical  methods,  279 
ash  of,  278,  280 
astringents  in,  287 


,M 


Tea.  cflddnc  in,  3S0 

Vaponmcler,  545 

exhausled  leavfs  in,  285 

Veal.  compcisitJon  of,  168 

eslract  of.  i8j 

cuts  of,  168 

facing  of,  184 

Vegetable  colore,  635,  641 

foreign  leaves  in,  285 

in  sausages,  igo 

leaf,  charncttristics  of,  386 

Vegetables,  »t6 

micrcisriipicaJ  e»aminatioQ  of,  aSS 

ash  of,  333 

references  on,  308 

spent  leaves  in,  385 

methods  of  approximate  analvw 

stems  in,  286 

sisof,  317 

tablets,  287 

references  on,  273 

lannin  in.  iSi 

Ventilation,  13 

Iheiae  in,  280 

Villivecchia  a!nd  Fabria'  sesame  oil  lest.  420 

Vinegar,  (xxi 

leids,  131 

acidity  of,  615 

Theine.  280 

adds  of,  616 

Theobromine.  301,  303 

adulleralCTl.  614 

adulteration  of.  619.  6m 

607 

alcohol  in.  6(6 

determination  ot.  70J.  704 

analysis  of,  614 

Titer  icsl.  403 

artificial.  610 

Tot-htr's  sesame  <ril  lest.  420 

ash  of.  631 

Toniato  ketchup,  708 

solubility  and  alkaUolty  of,  614 

coloring  in,  709 

beer,  6, , 

preservatives  in,  708,  710 

caramel  in,  625 

Tonka  bean.  731 

ddcr,  610 

linL-turr,  732 

artificial.  6W 

Turmeric,  350 

coppf  r  in,  616 

microscopical  stnicture  of,  351 

distilled,  613 

lests  for.  353,  636,  63; 

extract  of,  014 

furfuro!  in,  615 

riitamarinc  blue,  638 

glucose,  fii3 

in  sugar,  466,  498 

hydrochloric  add  in,  617 

Uno  beer.  581 

lead  in.  635 

fend  acetate  lest  for,  617,  635 

Vacuoles  in  yeast  cells,  35a 

levulnse  in,  6iq 

Vanilla  Itean,  729.  730 

malic  add  in,  617 

exhausted.  731 

Vanilla  extract,  719 

manufacture  of,  610 

alcohol  in,  732,  7p 

metallic  impurities  in,  625 

mineral  adds  in,  616,  617 

alkali  in,  732 

molssses,  613 
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Vinous  fermentation,  524 
V'iscogen,  156 
Viscosity  of  cream,  156 
of  oils,  374 

Walnut  ketchup,  709 

Water-bath,  19 

Water  glass,  208 

Watcrhousc  butter  test,  446 

Weiss  In-er,  57O 

Wcrner-Schmitlt  method  for  fat  in  c  h«-esc,  160 

in  milk,  J03 
Wcstphal  balance,  50 
Wheat,  21,^ 

ash  of,  2,34 
y)rotei(ls  of,  218,  230 
shredded,  ,?66 
starch,  221 
Whiskey,  594 

adulteration  of,  596 
artitu  iai,  596 
Hourlx)n,  51)5 
com|>osition  of,  595 
Irish,  595,  597 
manufacture  of,  5()4 
standards,  506 
Wijs*s  iodine  alisorption  method,  384 
Wild*s  saccharimeter,  478 
Wiley's  bromine  pipette,  387 

method  for  nitrogen    separation  in 
meat,  182 
Wiley  and   Ewell's   double   dilution   sugar 

method,  113,  503 
Wine,  554 

acidity  of,  564 
added  alcohol  in,  563 
adulteration  of,  ^60 
analytical  methods  for,  564 
Burgundy,  artificial,  5^)0 
California,  558 
cane  sugar  in,  561 
Cazeneuvc-'s  color  metlKwl,  572 
chaptali/ing,  561 
claret,  5:; 7 

artitu  ial,  ^(k) 
classitication  of,  ^^5 
coloring  matter  in.  >7[,  573 
com|>o<;ition  of    q^^f) 
cream  of  tartar  in.  ;7(; 
"dry,"  55; 

l)npr('\  (olnr  method.  ^72 
e\lra(  t  in,  ^(t  \,  z,hs,    z,()j 
fortil'ird,  y;^:; 

fruit  other  than  gr.ipe,  5^3 
gly(  erin  in,  570 
ho(k,  5^Q 
Madeira,  5^7 
Malaga,  artilkial,  560 


Wine,  malic  acid  in,  569 

manufacture  of,  554 

natural,  555 

non-volatile  adds  in,  568 

plastering,  560 

polarization  of,  570 

port,  55Q 

potassium  sulphate  in,  571 

red,  554 

reducing  sugar  in,  570 

references  on,  f)o8 

sherr>',  557 

artificial,  560 

sparkling,  55s 

standards,  559 

still,  555 

sweet,  555 

tannin  in,  571 

tartaric   acid  in,  568 

varieties  of,  557 

vinegar,  61 1 

volatile  acids  in,  564 

watering  of,  562 

white,  5S4 

yeast  of,  554 
Wintergreen,  oil  of,  747 
WoUny  milk  fat  rcfractometer,  103 
tables  for  usin^;,  105 
table  for  converting  Wollny  de- 
grees into  ttDt  107 
Wood  vinegar,  614,  625 
Wool,  double  dyeing  method  with,  641 

dyeing  of,  640 

for  color  tests,  640 

vegetable  colors  on,  642 

Xanthin,  165 

Xanlho-proteic  reaction,  36 
Xylan,  226 
Xylose,  225 

Yeast,  249,  251 

.ululteration  of,  253 

ash  of,  250 
compressed,  250 
dry,  250 
in  ( ider,  54S 
in  wine,  554 

micro«^( opic  al  examin,iti(»n  of,  250 
stardi  in,  25  ^ 
ti'stirig,  2^o 
vacuoles  in,  252 
Yellow  colors,  O31,  ()i^(),  6;  ; 

Zega*s  test  for  oleoma'-'^arine,  450 
2^nc  salts,  (k;<; 

determination  of,  703 


Sur^ce  view  of  upper  clmft  layer. 


FtQ.  H4.— BMtey  Surch.  Xaa 
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H                    Fig   135.— Buckwheat,  X  i  lo. 

Fic.  176.— Buckwheat,  Xiio.                         ^^^^H 

^B  Transverse  section  through  pari  of  pericarp,  seed 

1     "~~ 

Surface  view  of  scutellum.                             ^^^^H 

Im 

/^^^^^^^^B 

**^^r 

•~t,[«»U>^                     ^^J 

^1                   Fio.  117.— Huckwheai,   '  1 10 

Fm   >]g.-[iutkwhcalSuirch.  X»o                     ^^^1 

^H      Surface  section.     Aleurone  or  pniteid  layer. 

Sunih  granuin  wparatrd                             ^^^^^| 

starch  grain?  In  massei.  T 


Fic.  ijo. — Com,  '■<  1  lo. 
ransverse  section   Ihrough   jwricarp,  seed  r.iial, 
proleid  layer,  and  part  of  cndoBperm,  showing 
starch  cells. 
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Surlsce  Tiew  showing  tvt)  layers  of  Ibe  mesocanJ.  Statace  section.     Proieiil  laver- 


j<3 


C^    s^  /^  15-f  ,-^^ 
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FiC.  135.— Oal,  Xiio.  Fig.  136.— Oal,  Xiio. 

Tmnsvcnc  section  Ihniugb  chaff.  Suriooe  aeclion.     ProteJd  layer  wilh  fngmcoU  a 

cpidcnnb  and  hairs. 


Fro.  no.— Rice.  Xiio 

Tmuvene  section  ihmonh  seed  coat  and  p.in  of 

endoin<-nn 


i 


Fig.  145.— Rye.  Xiio, 
Traiuverac  section   through   pcrioup,   seed  coal, 
aleurone  layer,  and  search  cells  of  endoept-rm. 


VUi.  147— Kyc.  X1I3. 
Surface  view  of  epidermis  and  of  jeed  o 


.—Wheal,  > 
of  outer  and  ii 
showing  proteid  luycr 


Fig.  IS5.— Hi-ii.  Xiio.  Fic.  156.— Lentil,  Xiio. 

Transverae  wclion  through  hull,  shon-ing  pnlisadc         Transvrrec  seclion  IhrouRli  hull  and  part  ol  cndo- 

cells  of  epidermis,  and  underlying  hypodermn.  sperm,  showing  some  of  the  starch  cells- 


UnSCELLANEOUS  STARCHES. 


TFR^r^.Rrc,   sago. 


Fir..  1(H), ^Turmeric,  X Tc'.  F[G.  170. — Turmeric,  xuo. 

Transverse  stclion  throuKh  rhizome.  I,*)ngJlmJin.il  smion.     Nolo  spiral  ducts  Ihmugh 


Fic.  171. — I'-owiltred  Tunntni.   ■.  110. 
Showing  surch  grains,   fragmcnls  of  cell  i 
colorinx  moiler,  etc. 


:  > 


Fio,  173. — B*w  Coffee,  X'lo-  Flo,  174. — Roaslcrl  Coffee,  Xljo. 

Transverse  section  of  outer  portion  of  endospefra.       Transverse  section  through  parenchyma  of  endo- 


^fe  Fig,  i;<;— ColTec,  Xi 


Fig.  176.— Cilct-   vitt 
Roasieil.   Rrountl   ro(Ii-f.   sh<™*inK   fngnirn 
rndospem  parenrhvma   inf)   of   seed   tt 


.  Ty7-^Af|ulicra(L'd  Coflff,  X  130. 
Dark  masses  of  roasted  jica  starch  are  shown, 
nith    iratisparcnl    fragments   of   the    palisade 
cvUs  of  the  pra-hull 


.—Adulterated  CotluK,  . 
The  vascular  duels  n(  chictiiy  show 
Spiruouslv  in  I  his  field. 


I 


Fig.  179. — Chicory,  Xas. 
Trantveise  section  tbrougji  the  n 


CHICORY.     COCOA. 


Fig    i8j  — Chirorj-,  Xiio 
an']    ground,    showing    trn^en 
ducts  unH  iHher  tissues. 


Flc.  184  — Cocoa,  Xiio. 
section   through   periphery   of   seed,   J 
seed  coais.  and  co^'ledon. 


hiG    187.— Cocoa  ShL-11,    Kiio.  FlC,  iS8.—Cotoa  Shell,  Xlio. 

1  Trmi^vtrw  section  through  epidermis,  pulp,  and  Ijingiiudinid  scctian  through  shell 

tnudlnginttuii  layers  of  the  pericarp  ann  uvd 


l 


Flo.  iSy.— Tea.  XS5.  I'lo.  n)c.— Tea.   -.no. 

Transverse  scclion  Ihrcmgli  midrib  of  leaf.     Note         Surface  vieu,-  of  Inivi-c  (■pidermin,  "■■ilh  5I 
the  palisade  luycr  below  ihe  upper  epidermis,  .rneuf  the  hiuts. 

the  inner  wood  vessels  Abnve  Ine  center,  and 
the  parenchvma  of  the  pulp. 


I'ti..  i.;i--All=pite.  .-.m.  Krr,,  i.jj.-A.i=|,ii.i:,  .■,;i. 

Transverse  section  IhroURh  ihe  entire  lierrv,  show-      Tran.^verse  seclioti  ih^sujb  "pericarp,  showing  o 
ing  thr  two  cells,  with  kidney  shapeil  seed  in  spncci  nnd  ttone  celU. 


PLATE  X1.V 


fiG.  193.— Allspice  Seed,  Xiio. 

Transverae  section  through  seed  shtil  and  part  of      Transverse  si 

embiyo,  showing  atorch  cells.  the  seed  to 

of  gum  or 


4. — Allspice  Seed,  Xlto. 

m  through  the  re^nous  portion  <d 

showing  port  wine  colored  lumps 


.9 


Flc,  195, — Powdtrtd  Allspice,  xiii 
Showing  suae  cells,  resinous  lumps,  and 


starch.       Showing 


[.((..— AduUerjR-d  Allspict,  X  110. 
.   large  fragment  oF  the  seed  skin 
cayenne  m  the  left. 


1  nark,  X^; 
■n  through  the  bark. 


*  liurk,  Xiio.  Fin.  aoo.— Cftsii'i  lUrk.  Xlio. 

ion.  showing  rork  cells,  parenchy-      Longitudinal   sKtion,   showing   bunchrs  nl   bast 
na.  and  stone  cells.  G^rs  at  the  left,  surch  rclU  in  the  center,  and 

stoRc  tells  at  ihe  righl. 


f 


Fig.  loi.— Ceylon  Cinnamon  Bark; 


Flo.  ao^.^PowdereU  Cassia.  X  i  lo. 
I   Showing  ■tone  cells,  icnrch,  and  corky  tissue. 


PLATE  xxrr 


ir^, 


Tra!J!Versr  section  through  ;>cricarp. 


tie.  ;o8.— (.jycnnr,   :-,  1 10. 

sei  linn  ihrouRh  scril  ro»l  and  part  of 
cndos]jerni.  CoUapsfd  jiarenchyin*  cells  wp»- 
rair  cndoapenn  from  long  cpidcrmnl  cells. 


PLATE  XXIII. 


Fit..  109. — favenne,  X  1 10.  Flo.  310. — Cayenne,  :<  I 

Surincc  view  of  fniil  epidennis.  Surtncc  view  of  two  layera  of  seed  c 


■ 

|_ 

■ 

PLATE  XXIV.  ^^^ 

w 

SPICES.    • 

fl 

K 

KK^ 

1 

n 

Pk 

1^-k 

tc 

H 

m 

^V                   Eto.  313.— Adulterated  Cayenni 
^M           Cora  and  wheat  starch  and  toraanut . 
^K              chieSf.     A  bit  af  cayenne  is  shown  1 

!,  X.30, 
shells  niipear 
.llhtHghl. 

^ 

^ 

J 

Fig.  314.— Aduli'  n.i 

The  central  mass  is  L^r,,;; 

bv  o.rn  =ta 

^^-..L  <Mm.unded^^| 

\ 

< 

-^-^^^^^ 

Fio.  iij.— Clove,  X65. 

w 

Fio.  J16,— C 

^^^1 

^B                      enWenaU,  showing  piircnchyma. 

Transvtr=e  !*<iion  near  1 
oilcttvi 

rp^demiU,  Showing  Urgi^^H 

Pr-ATE  XXVI. 


I 


Fig.  III.— Clove  Strm,  Xjo-  Fta.  aaa.— Clnve  Slcm,  Xx$. 

I^ansveree  section   through  outer  part  of  stem,  Central  loneiludinal  section  through  ent 

showing  ba4t  fibers  at  the  left,  parenchyma  in  showing  Iwist  librrs  in  the  center,  and  ]l 

the  center,  and  stone  cells  near  the  e[jidennis.  a!  ihe  right. 


Fui.  jj,).— Clove  Stem,  y  70.  Fir,.  114,— li.iwdered  Clove  Sterna,  Xiio 

Longitudinal  acclian,  showing  the  slum-  rclls.  Showing  ftagmenLK  of  tissues.  Mone  cells,  and  but 

Qbcn. 


PLATE  XXVII. 


PLATE  XXVin. 


^^Hft[ 


flO.  3IC). — Ginger,  Alio.  FlO.  tjo. — GiiiyiT,    ■   no. 

.□svErse  section,  ahowing  parcnrliyma.  alarch       Longitudinal  section,  showing  spiral   ducts  and 
grains,  and  duct  vessels.  pigment  cells. 


Fic.  245.— Black  Musuril.  Xiio.  Fu;.  jjfi,— Black  Mustard,  xno. 

Tranaverae  section,  showing  trngmenta  of  the  epi-  Surface  view  of  two  of  Ihe  seed  coat  layers. 

crmis  and  dark  colored  palisade  cells  of  the 


PLATE  XXXni, 


ii..  34p.— Dakota  Mustard  Flour,  X  no. 

Dark  spots  show  starch   grains  of   foreign  weed 

seed,  stained  with  iodine. 


Fic.  J50. — Adulterated  Mustard  Flour,  ; 
Showing  masses  of  wheat  starch. 


PLATE  XXXIV. 


Fic.  353. ^Pepper,  Xiio.  Fig.  354. — Pepper,  X  110. 

Transverse  section  through  outer  part  of  pericnrp,  Surface  wction  through  alone  cell  \ayet, 
showing  epidermis,  underlying  stone  cell  layers, 
parencbyma,  and  seed  coat. 


Starch  gronulo  icparatfd. 


■ 

1 

1 

PLATE 

xxxv^^^B 

SPICES. 

J 

f 

>^ 

>^^^^^^^H 

y 

1  ^ 

^^1                             Mainl)'  shnn-i 

IVppcr  Shf^lls.  X  ■ 
ns  atune  cclla. 

k 

1- 
Shov 

-^  ■'  ■  (*.  > 

'  13°'           ^^^1 

I 

* 

>•  J    ^1 

m 

.    "^ 

J 

^^^^^Vfbnring  wbcat.  com,  and  rice  ttarches. 

ivhilv  1 
pcvprr 

."■  ""■'""'^'"*""" 

>e  lop  i>  !^^^l 

PLATE  XXXVn. 


SPICE  ADULTERANTS. 


PLATE  XXXVraJ 


EDIBLE  FATS. 


With  polariiiHl  (iRhl  and  selt-t 


FlO.  i;o.— f'roress  or  ReiioviitEil  Built 
With  polarized  ligtil  and  selcnilc 


VU:  371. — Oli'omargahne,  XJ5. 
lA'ifh  [xjlurinsl  light  and  wlenJte  plate. 


EDIBLE  FATS. 


Fig.  176.— Beef  Stearin,  X35. 
Ciystallizcd  from  ether. 


